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EXECUTIVE SUMMARY

This document presents the findings of the New York State Department of Environmental
Conservation (NYSDEC) Fish and Wildlife Impact Analysis (FWIA) Step IIC
Investigations conducted at the Dyno Nobel Port Ewen Site (Site) located in Port Ewen,
New York. The overall purpose of the FWIA Step IIC investigations was to collect
adequate and representative data to assess potential ecological impacts to support the
establishment of site remedial objectives for consideration in the Corrective Measures
Study (CMS) developed for the Site.

Two separate ecological exposure areas, based upon cover type, habitat value, probability
of receptor use, and frequency of disturbance were evaluated for the purposes of the
FWIA Step IIC investigation:

Q Solid Waste Management Unit (SWMU) 1/22 Wetland Complex: Wetland and
successional forest area to the east of the railroad tracks; and

O Active Plant Area: Industrial cover type includes the Active Plant Area to the
west of the railroad tracks.

Ecological investigations in the SWMU 1/22 Wetland Complex were conducted to
evaluate potential ecological impacts associated with site-related metals in surface water,
sediment, and biological tissues. Specific investigation tasks completed in the SWMU
1/22 Wetland Complex as part of the Step IIC Investigation included:

O Sediment quality triad (SQT) investigation (i.e., invertebrate toxicity testing,
benthic community analyses and sediment chemistry);

Q Surface water characterization;
Q Fish community evaluation; and
Q Biological tissue sampling.

The results of investigations conducted in the SWMU 1/22 Wetland Complex support the
following conclusions regarding potential ecological exposure and risk:

O The SQT weight-of-evidence evaluation indicated that impacts to benthic
invertebrate communities occurred at stations adjacent to SWMU 22 that
contained the greatest concentrations of target metals in sediments; impacts to
benthic invertebrate communities decreased with increasing distance from
SWMU 22;

Q The incidence of significant lethal and sublethal effects on benthic test organisms
in sediment toxicity tests were most consistent with concentration gradients of
selenium and lead;

O Levels of target metals in surface water were generally below surface water
criteria; therefore, exposure of fish and other aquatic life to target metals in
surface water is not likely to result in adverse community-level effects; and

vii
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O Potential risks to wildlife exposed to target metals were limited to receptors that
forage exclusively within the exposure area; the potential for adverse effects was
greatest for tree swallow, however, the estimation of the dose to tree swallow was
highly uncertain.

The findings of the exposure evaluation for the SWMU 1/22 Wetland Complex provide
adequate and representative data for the development of preliminary sediment remedial
goals for the protection of ecological receptors. The weight-of-evidence evaluation of
SQT investigations may be used to derive preliminary sediment remedial goals for the
protection of benthic invertebrate communities; dose rate models based on site-specific
sediment-to-biota bioaccumulation relationships may be used to derive preliminary
remedial goals for the protection of semi-aquatic wildlife. These preliminary sediment
remedial goals may be used to modify the current CMS to include pathway elimination
for sediments exceeding preliminary remedial goals derived for benthic invertebrate
communities and assure that exposure point concentrations in residual sediments do not
exceed preliminary remedial goals derived for wildlife.

Investigations in the Active Plant Area were designed to evaluate potential terrestrial
bioaccumulation and wildlife ingestion pathways for site-related metals in soils. Co-
located biological tissue samples (small mammal and earthworm) and soil samples were
analyzed to evaluate potential ingestion pathways for terrestrial wildlife foraging at the
margins of the Active Plant Area.

The exposure evaluation in the Active Plant Area indicated that exposure to selenium
from the consumption of earthworms and small mammal represents the greatest potential
risk to terrestrial wildlife receptors. Potential risks associated with wildlife exposure to
selenium were greatest in the northern portion of the Site (grids N1 and N3), which is
associated with burning areas used to combust off-specification and waste materials.
Bioaccumulation of selenium from soil to biological tissues was highly variable and
uncertain. As a result, bioaccumulation relationships derived from site-specific data are
not reliable for developing preliminary remedial goals for soil. Further understanding of
selenium bioaccumulation and toxicity are needed prior to making informed remedial
decisions regarding selenium exposure to wildlife.

In addition to the investigations in SWMU 1/22 Wetland Complex and the Active Plant
Area, concentrations of site-related metals were further characterized in soil and
sediments in areas of the Site that lack existing data. Metal concentrations in sediment
were characterized in two drainage features that traverse the Active Plant Area and
concentrations of target metals were characterized in sediments downstream of the
SWMU 1/22 Wetland Complex. Additional characterization of soils at the perimeter of
SWMU 35 was conducted to evaluate the potential migration of metals to adjacent
surficial soils.

viii
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1.0

INTRODUCTION

This document presents the findings of the New York State Department of Environmental
Conservation (NYSDEC) Fish and Wildlife Impact Analysis (FWIA) Step IIC
Investigations conducted at the Dyno Nobel Port Ewen Site (Site) located in Port Ewen,
New York (Figure 1). Ecological investigations have been on-going at the Site since
2007 as part of the NYSDEC FWIA process. The overall objective of the FWIA process
at the Site is to assess potential ecological impacts for the establishment of remedial
objectives and the ultimate remedial actions outlined in the Corrective Measures Study
(CMS), as defined in NYSDEC Subpart 375-6: Remedial Program Soil Clean-up
Objectives and the draft NYSDEC Remediation Program Guidance (November 2009).

The FWIA investigation was conducted in accordance with the NYSDEC Fish and
Wildlife Impact Analysis for Inactive Hazardous Waste Sites guidance document
(NYSDEC, 1994). The scope of the investigations documented in this report was
consistent with Step IIC of the FWIA guidance, which analyses the toxic effects of
contaminants with identified pathways to fish and wildlife resources. Steps I, IIA, and
IIB of the FWIA process for the Site have been documented in previous submittals to
NYSDEC. An Ecological Evaluation Site Description Report (Site Description Report),
which included Step I and components of Step IIA of the FWIA guidance, was
previously submitted to NYSDEC Division of Fish, Wildlife, and Marine Resources
(DFWMR) in December 2007 (URS, 2007). An FWIA Step IIB Report (Step 1IB
Report) was submitted in April 2009.

The FWIA Step IIC Report documents investigations conducted at the Site in accordance
with the Fish and Wildlife Impact Analysis Step IIC Work Plan (Work Plan) that received
conditional approval from the NYSDEC DFWMR on April 15, 2010 (URS, 2010). The
scope of work for Step IIC investigations was developed based on the FWIA Step 1B
Report (Step IIB Report) and subsequent correspondence with NYSDEC DFWMR that
culminated in the approval of the Work Plan.

Following the approval of the Work Plan, the implementation of FWIA Step IIC field
investigations and the subsequent data evaluation phase leading to the development of
this report were conducted in coordination and consultation with NYSDEC DFWMR.
Key milestones and correspondence documenting the coordination of field investigation
and data evaluation efforts since the approval of the Work Plan include:

Q May 13, 2010: Site walk with NYSDEC DFWMR to evaluate proposed sampling
stations and candidate reference sampling areas;

Q May 26, 2010: Memorandum from URS to NYSDEC documenting modifications
to the sampling program presented in the Work Plan;

Q June 17,2010: Meeting at the Site with NYSDEC during the field investigation;
meeting minutes approved July 30, 2010;

Q July9,2010: Memorandum from EHS Support to NYSDEC characterizing the
results of sediment analysis for station SQT-03 as proposed in the Work Plan;

Q September, 15, 2010: Meeting at NYSDEC offices to review preliminary data
from Step IIC investigations; meeting minutes approved October, 8, 2010;




Port Ewen, New York Introduction

Q

January 3, 2011: Memorandum from URS to NYSDEC documenting the results
of sediment sampling downstream of the SWMU 1/22 Wetland Complex;

January 25, 2011: Conference call with NYSDEC to discuss the results of the
sediment sampling effort downstream of the SWMU 1/22 Wetland Complex;

February 23, 2011: Meeting at NYSDEC offices to review the preliminary
conclusions of the Step IIC data evaluation; meeting minutes approved March 16,
2011;

March 4, 11, and 18, 2011: Conference calls with NYSDEC DFWMR to discuss
the approach for FWIA data evaluation.

Memoranda and meeting summaries documenting discussions with NYSDEC regarding
the FWIA process are included as Appendix A of the report.

1.1 FWIA Step IIC Study Objectives

The purpose of FWIA Step IIC investigations was to collect adequate and representative
data to assess potential ecological impacts at the Site. FWIA Step IIC investigations
were intended to satisfy the following study objectives:

Q

Evaluate potential impacts to sediment-dwelling invertebrate communities in the
SWMU 1/22 Wetland Complex based on a Sediment Quality Triad (SQT)
approach;

Evaluate potential impacts to aquatic communities exposed to site-related metals
in surface water in the SWMU 1/22 Wetland Complex;

Evaluate potential impacts to wildlife foraging in the SWMU 1/22 Wetland
Complex based on the bioconcentration/bioaccumulation of site-related metals in
benthic invertebrate and fish prey;

Evaluate potential impacts to wildlife foraging on terrestrial prey at the margins of
the Active Plant Area based on the bioaccumulation of site-related metals in small
mammal and earthworm tissue; and

Characterize concentrations of site-related metals in surficial sediments and soils
in specific areas identified by DFWMR that lack existing data.

1.2 Report Outline

The FWIA Step IIC Report is organized into the following sections:

Q

0O 00 o0 o

Section 2: Site Background and Ecological Setting
Section 3: Ecological Conceptual Site Model

Section 4: SWMU 1/22 Wetland Complex Investigations
Section 5: Active Plant Investigations

Section 6: Additional Media Characterization

Section 7: Exposure Evaluation Approach
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Section 8: SWMU 1/22 Exposure Evaluation and Risk Characterization
Section 9: Active Plant Exposure Evaluation
Section 10: Uncertainty Analysis

Section 11: Conclusions and Recommendations

0O 00 o0 o

Section 12: References
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2.0 SITE BACKGROUND AND ECOLOGICAL SETTING

2.1

The Dyno Nobel facility is located at 161 Ulster Avenue, Ulster Park, New York,
approximately one mile south of the village of Port Ewen in Ulster County. As shown on
Figure 1, the Site is approximately 1.5 miles west of the Hudson River and is situated
along the eastern base of Hussey Hill.

The Site is located in the Central Hudson subzone of the Hudson Valley ecozone as
defined by Reschke (1990) and Edinger (2002). This subzone extends along the Hudson
River and is bordered by the Taconic Highlands ecozone to the east and the Appalachian
Plateau ecozone to the west. The Shawangunk Hills subzone also lies within the Hudson
Valley ecozone, to the west of the Site.

Most of the Site is at an approximate elevation of 160 feetl; however, Hussey Hill rises to
an elevation of approximately 760 feet at a roughly 1.5:1 slope, along the western border
of the Site.

Site History

The Site is an active manufacturing facility that currently produces electric detonators.
Historically, the Site has been involved with production of various explosives and related
materials since 1912. The plant was originally constructed by Brewster Explosives
Company, sold to Aetna Explosives Company in 1915, and then subsequently sold to
Hercules Incorporated in 1922. Hercules Incorporated sold the plant to IRECO,
Incorporated in 1985; IRECO was renamed Dyno Nobel, Inc. in 1993 (Eckenfelder,
2000). The manufacturing of explosives at the Site continued through each ownership
transfer.

Remedial investigations have been conducted at the Site since the early 1990s under the
oversight of both the U.S. Environmental Protection Agency (USEPA) and NYSDEC.
Data collected as part of these investigations and the CMS were used to evaluate
ecological exposure at the Site. Key milestones in the remedial investigation of the Site
include:

O August 1994: Resource Conservation and Recovery Act (RCRA) Facility
Assessment finalized (Eckenfelder, 1994);

Q July 2000: RCRA Facility Investigation Report (Eckenfelder/Brown and
Caldwell, 1999) approved by NYSDEC;

Q December 2000: CMS submitted to NYSDEC (Eckenfelder, 2000);

Q October 2005: Supplement to CMS submitted to NYSDEC (HydroQual, 2005);
and

O September 2006: Revisions to CMS screening criteria submitted to NYSDEC
(HydroQual, 2006).

The FWIA process was initiated at the Site in 2007 to address potential ecological
exposures to site-related constituents, which had not been included as part of previous

! All elevations are in North American Vertical Datum of 1988 (NAVDSS).
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2.2

2.2.1

2.2.2

remedial investigations or the CMS. This request followed NYSDEC review of the
revised CMS dated September 2006 (HydroQual, 2006).

Ecological Setting

Two separate ecological exposure areas, based upon cover type, habitat value, probability
of receptor use, and frequency of disturbance were evaluated for the purposes of this
FWIA:

O SWMU 1/22 Wetland Complex: Wetland and successional forest area to the east
of the railroad tracks; and

O Active Plant Area: Industrial cover type includes the Active Plant Area to the
west of the railroad tracks.

The following sections provide a brief description of the ecological setting of the two
ecological exposure areas identified for the Site. Further detail regarding fish and
wildlife resources in these areas was provided in the Step IIB Report (URS, 2009).

SWMU 1/22 Wetland Complex

The SWMU 1/22 Wetland Complex is a common reedgrass (Phragmites australis)-
dominated marsh on the eastern side of the railroad tracks that intersect the Site. This
wetland complex drains generally to the north to an unnamed tributary of Rondout Creek;
near the downstream extent of the Site, hydrology in the wetland has been altered by
beaver activity. An open water area is located within the wetland (SWMU 1); the open
water area was used as a shooting pond during plant operations for underwater detonation
of off-specification explosives and process waste.

Portions of the SWMU 1/22 Wetland Complex have the potential to support permanent
aquatic communities. Perennial water is likely to exist in normal years north of the site
access road and is capable of supporting benthic invertebrate communities and limited
warmwater fish communities. Fish and wildlife resources likely forage within the
SWMU 1/22 wetland system. The hydrological connectivity of this area to downstream
fish and wildlife resources such as Rondout Creek increases its habitat value. Limiting
factors associated with the habitat value of SWMU 1/22 include the dominance of the
invasive species Phragmites, which provides poor habitat for wildlife relative to wetlands
with more diverse vegetative communities.

Active Plant Area

The Active Plant Area is primarily characterized as an industrial cover type. This portion
of the Site provides limited overall habitat value due to the regular disturbance by Site
activities from facility operations to the maintenance (mowing) of vegetation. Potential
ecological exposure is likely associated with wildlife that may occasionally move into the
margins of the industrial cover type to forage from adjacent habitats. Drainage from the
Active Plant Area of the Site is generally from west to east. Two drainages originate at
the base of the slope along the western side of the Site and traverse the active portion of
the Site towards the SWMU 1/22 Wetland Complex.
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3.0 ECOLOGICAL CONCEPTUAL SITE MODEL

3.1

An ecological conceptual site model (ECSM) was previously developed in the FWIA
Step IIB Report to identify potentially complete exposure pathways and potential
receptors that may warrant further ecological evaluation. The ECSM has been further
refined based on comments received from NYSDEC on the Step IIB report (comment
letter dated December 10, 2009 in Appendix A) and observations made during the
implementation of FWIA Step IIC investigations.

The ECSM describes potential contaminant migration and ecological exposure pathways
for the two ecological exposure areas evaluation in the FWIA: the SWMU 1/22 Wetland
Complex and the Active Plant Area. The ECSM consists of the following components:

O Contaminant sources and migration pathways: Identified sources of
contamination with potentially complete migration pathways to ecological
exposure areas;

O Ecological exposure pathways: Identified ecological receptors and exposure
pathways for those receptors; and

O Assessment and measurement endpoints: Assessment endpoints are explicit
statements of ecological resources (entities) and attributes of those entities that are
important to protect (USEPA, 1998). Measurement endpoints represent
quantifiable ecological characteristics that can be measured, interpreted, and
related to ecological resources chosen as assessment endpoints.

Potential contaminants in site media associated with SWMUs and AOCs are primarily
associated with elevated concentrations of inorganic (metal) constituents. Previous
environmental investigations of site media indicate that mercury, arsenic, and lead are the
primary metals of concern associated with the Site. Other metals evaluated in previous
investigations include: aluminum, antimony, barium, cadmium, chromium, cobalt,
copper, selenium, silver, and zinc. The Step IIB Report and subsequent Work Plan
identified the following target metals for investigation in the two ecological exposure
areas:

Q SWMU 1/22 Wetland Complex: cadmium, copper, lead, mercury (total and
methyl), selenium, and zinc; and

O Active Plant Area: antimony, arsenic, barium, cadmium, chromium, cobalt,
copper, lead, mercury, selenium, silver, zinc.

SWMU 1/22 Wetland Complex

The ECSM developed for the SWMU 1/22 Wetland Complex is illustrated in Figure 2
and described in the following sections.
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3.1.1 Contaminant Sources and Migration Pathways

The primary sources of contaminants to the SWMU 1/22 Wetland Complex are the
SWMUs located within and adjacent to the wetland. SWMU 22 is a former landfill
located near the center of the wetland complex (Figure 3); waste material disposed in this
landfill represents a potential source of contaminants to the adjacent wetland. SWMU 1
is a former shooting pond used to detonate off-specification explosives and process
waste. Underwater detonation of explosives and waste materials represents a potential
source of contaminants to the surrounding areas. SWMU s located within the Active
Plant Area of the Site represent secondary sources of contaminants to the SWMU 1/22
Wetland Complex.

As illustrated in the ECSM presented in Figure 2, contaminants may migrate from
potential source areas to the SWMU 1/22 Wetland Complex through one or more of the
following potential pathways and associated release and transport mechanisms:

Q Transport via surface water erosion/runoff;
Q Dissolution and leaching into groundwater;

O Migration of dissolved contaminants in shallow groundwater to sediment and
surface water in adjacent wetlands and/or surface water bodies; and

Q Trophic transfer of contaminants incorporated in the aquatic food chain.

Contaminants may be transported to the SWMU 1/22 Wetland Complex via surface
erosion. A primary migration pathway is likely surface erosion and transport of site-
related metals from SWMUs within the wetland complex. A second potential migration
pathway to the SWMU 1/22 Wetland Complex is stormwater transport of particle-sorbed
metals from the Active Plant Area to the downgradient wetlands areas via two
intermittent drainage ditches. Metals may be sorbed to particles transported by
stormwater and deposited in wetland sediments; disturbance of these sediments may
subsequently re-suspend metals into surface water and re-deposit sediments locally in
other areas of the wetland.

Groundwater represents a potential migration pathway to the SWMU 1/22 Wetland
Complex; however, groundwater transport is expected to be minimal. The evaluation of
the leachability of soil samples from multiple SWMUSs indicated that metals exhibited a
low degree of leachability from soils at most locations (Eckenfelder 2000). Furthermore,
groundwater investigations at the Site concluded that the migration of metals from the
active portion of the Site is limited by low permeability silty clays and clay deposits
(Eckenfelder 2000). The investigations demonstrated that the Wetland Complex
associated with the former shooting pond (SWMU 1) is the local discharge point for the
limited groundwater flow from the Site (Eckenfelder 2000).

Trophic transfer is also a potential migration pathway for contaminants within the
SWMU 1/22 Wetland Complex. Contaminants may bioaccumulate in the tissues of biota
in direct contact with potentially impacted exposure media. Contaminants in the tissues
of lower trophic organisms may be transferred to upper trophic consumers through
ingestion pathways.




Port Ewen, New York Ecological Conceptual Site Model

3.1.2 Ecological Exposure Pathways

Pathways by which ecological receptors using the SWMU 1/22 Wetland Complex may
be exposed to contaminants are illustrated in Figure 2. Potential ecological receptors and
routes of exposure are described below.

Potential Ecological Receptors

Because the FWIA cannot specifically evaluate the potential for adverse effects to each
species that may be present and potentially exposed in the SWMU 1/22 Wetland
Complex, receptors were selected to represent broader groups of organisms and those that
are of high ecological value.

The SWMU 1/22 Wetland Complex potentially supports several categories of ecological
receptors including:

O Emergent vegetation;

Benthic macroinvertebrate community;

Fish community;

Omnivorous mammals: raccoon (Procyon lotor);

Aerial insectivorous mammals: Indiana bat (Myotis sodalis);
Piscivorous mammals: mink (Mustela vison);

Invertivorous birds: mallard duck (Anas platyrhynchos);

Semi-aquatic insectivorous birds: tree swallow (Tachycineta bicolor);

0O 00000000

Semi-aquatic insectivorous birds: Kentucky warbler (Oporonis formosus); and
Q Piscivorous birds: great blue heron (Ardea herodias).

Indiana bat (state and federal endangered) and Kentucky warbler (state protected) were
included as potential receptors in the Wetland Complex evaluation at the request of
NYSDEC given their status as protected species (NYSDEC correspondence February 13,
2008 and June 16, 2008). As stated to NYSDEC in previous correspondence, neither
species is likely to forage in the SWMU 1/22 Wetland Complex with regularity. Indiana
bat and Kentucky warbler are conservatively included in the ECSM because potential
exposure cannot be definitively dismissed; however, potential risk to these receptors will
be characterized in the context of the probability of their occurrence in the exposure area.

Potential exposure to Indiana bat was quantitatively evaluated in the FWIA because no
other mammalian aerial insectivores were included as receptors; potential exposure to
Kentucky warbler was evaluated based on quantitative evaluations of exposure to tree
swallow. Kentucky warbler, if present, is most likely to forage by gleaning and hawking
terrestrial invertebrates (e.g., insects, caterpillars, spiders, moths) in leaf litter and on
vegetation (McDonald, 1998); however, to evaluate potential exposure to warblers that
may have a dietary component of aquatic-based adult insects, it was conservatively
assumed that warblers would obtain a similar dose to tree swallow. This assumption
likely overestimates the actual dose to Kentucky warbler, considering its preference for
invertebrates in terrestrial habitats.




Port Ewen, New York Ecological Conceptual Site Model

3.2

Potential Exposure Routes

The routes by which receptors may be exposed to contaminants in the SWMU 1/22
Wetland Complex are illustrated in the ECSM (Figure 2). Primary exposure pathways
that will be quantitatively evaluated are illustrated by solid circles in the ECSM and
described below for each receptor category:

Q Benthic invertebrates: direct contact;
Q Fish community: direct contact;

Q Invertivorous wildlife: direct ingestion of surface water and contaminated biota
and incidental ingestion of sediment (mallard only);

O Aerial insectivorous wildlife: direct ingestion of contaminated biota (Indiana bat
and tree swallow only);

Q Piscivorous wildlife: direct ingestion of surface water and contaminated biota
(mink, belted kingfisher, and great blue heron only); and

O Omnivorous wildlife: direct ingestion of contaminated surface water and
contaminated biota and incidental ingestion of sediment (raccoon only).

Emergent vegetation was not quantitatively evaluated in the FWIA Step IIC
Investigation. As described in Section 2.2.1, the SWMU 1/22 Wetland Complex is
characterized as a monotypic stand of Phragmites. The dominance of Phragmites within
the wetland is consistent with the physical disturbance of the wetland area associated
with the creation of the SWMU 22 landfill and SWMU 1 Shooting Pond.

Active Plant Area

The ECSM developed for the Active Plant Area system is illustrated in Figure 2 and
described in the following sections.
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3.2.1

3.2.2

Contaminant Sources and Migration Pathways

The primary sources of contaminants within the Active Plant Area are the SWMUs and
AOC:s identified in the CMS (Eckenfelder 2000; HydroQual 2005; HydroQual 2006). As
illustrated in the ECSM (Figure 2), contaminants may migrate from these potential source
areas to adjacent soils primarily via surface migration. Bioaccumulation of metals in
wildlife through consumption of food/prey (i.e., plants and soil invertebrates) exposed to
metals in site media is also a potential migration pathway.

Ecological Exposure Pathways

As described in the Step IIB Report, ecological exposure pathways within the Active
Plant Area are limited by the poor to low habitat value associated with SWMUSs and
AOCs (URS, 2009). However, potential wildlife exposure pathways were included as
part the FWIA Step IIC investigations to address NYSDEC concerns regarding potential
ecological exposure to wildlife that may occasionally forage at the margins of the Active
Plant Area.

Pathways by which ecological receptors using the margins of the Active Plant Area may
be exposed to contaminants are illustrated in Figure 2. Potential ecological receptors and
routes of exposure are described below.

Potential Ecological Receptors

In the Active Plant Area, ecological receptors were selected to evaluate potential
exposure to wildlife that may forage at the margins of the facility. Receptor categories
were selected to represent low-level secondary consumers and top-tier predators to
provide a range of potential wildlife exposure. Low-level secondary consumers were
represented by invertivorous birds and mammals that forage primarily on earthworms:

Q Small invertivorous mammals: Short-tailed shrew (Blarina brevicauda); and
Q Invertivorous birds: American robin (Turdus migratorius).

Top-tier predators were represented by carnivorous birds and mammals that forage
primarily on low-level secondary consumers:

O Carnivorous birds: Red-tailed hawk (Buteo jamaicensis); and

O Carnivorous mammals: Red fox (Vulpes vulpes).

Potential Exposure Routes

The routes by which ecological receptors may be exposed to contaminants in the Active
Plant Area are illustrated in the ECSM (Figure 2). Primary exposure pathways that will
be quantitatively evaluated in the FWIA are illustrated by solid circles in the ECSM and
described below for each receptor category:

Q Invertivorous wildlife: direct ingestion of contaminated biota and incidental
ingestion of soil;

O Carnivorous mammals: direct ingestion of contaminated biota and incidental
ingestion of soil; and

10
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Q Carnivorous birds: direct ingestion of contaminated biota.

11
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4.0

4.1

SWMU 1/22 WETLAND COMPLEX INVESTIGATIONS

Consistent with the approved Work Plan (URS, 2010), further investigations were
conducted in the SWMU 1/22 Wetland Complex to evaluate potential ecological impacts
associated with site-specific metals. Ecological investigations in the SWMU 1/22
Wetland Complex were designed to evaluate potential direct contact exposure to
sediment and surface water and wildlife exposure through ingestion pathways. Specific
investigation tasks completed in the SWMU 1/22 Wetland Complex as part of the Step
IIC Investigation included:

O SQT investigation (i.e., invertebrate toxicity testing, benthic community analyses
and sediment chemistry);

Q Surface water characterization;
O Fish community evaluation; and
O Biological tissue sampling.

Biological samples from the SWMU 1/22 Wetland Complex were collected and
processed in accordance with the procedures detailed in the Work Plan under a project-
specific NYSDEC License to Collect or Possess (LCP) permit for the lawful collection of
samples for scientific purposes (Permit #1643, effective date 5/28/10). The following
sections provide detailed descriptions of these investigations and a summary of
investigation results. Ecological exposure evaluations conducted based on the data
collected as part of Step IIC investigations are presented in Sections 7.0 and 8.0.

Sediment Quality Triad (SQT) Investigation

An SQT investigation was conducted to evaluate potential risk to sediment-dwelling
invertebrates in the SWMU 1/22 Wetland Complex. The SQT is a weight-of-evidence
approach that evaluates sediment quality by integrating spatially- and temporally-
matched sediment chemistry, biological, and toxicological information (Long and
Chapman 1985; Chapman et al. 1987). The SQT investigation for the SWMU 1/22
Wetland Complex and associated reference area consisted of the following lines-of-
evidence:

O Chemical analyses of bulk sediment;
O Benthic invertebrate community analysis; and

Q Toxicity testing using bulk sediment.

12
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4.1.1

The overall objective of the SQT studies conducted in the SWMU 1/22 Wetland
Complex was to incorporate site-specific ecological effects information to determine the
concentrations of site-related metals in sediments that may result in unacceptable risk to
benthic invertebrate receptors. Benthic invertebrate community analysis and sediment
toxicity testing provide site-specific information regarding potential ecological effects to
benthic invertebrates; the integration of these lines of evidence supplements traditional
sediment chemistry data to provide a more relevant, site-specific assessment of potential
ecological impacts. The findings of the SQT studies were integrated into a weight-of-
evidence evaluation that may be used to support further assessment or remedial decision-
making. The study design, sampling approach, and summary of results for SQT studies
in the SWMU 1/22 Wetland Complex are described in the following sections.

Study Design

The reliability of the SQT approach is dependent on the collection of representative
spatially- and temporally-matched sediment chemistry, benthic invertebrate community,
and sediment toxicity data at both study and reference stations. Because these datasets
were integrated into a weight-of-evidence evaluation, consistency in data collection was
essential for comparability among the various lines of evidence. The following sections
provide an overview of the SQT study design, including the selection and distribution of
SQT sampling stations.

Selection of SWMU 1/22 Wetland Complex SQT Stations

A key objective in determining the number and distribution of SQT stations was to ensure
that the spatial coverage of samples reflected a gradient of metals concentrations in
sediments within the SWMU 1/22 Wetland Complex. A distribution of sampling stations
across a range of metals concentrations was necessary to elucidate reliable exposure-
response relationships between sediment metals concentrations and ecological effects
where they may exist. Reliable exposure-response relationships are necessary to identify
a range of potential ecological effects thresholds that may be considered in further
assessment or remedial decision making.

Sediment chemistry data collected in previous investigations were used to guide the
selection of prospective SQT sampling stations within the SWMU 1/22 Wetland
Complex. The evaluation of historical data conservatively assumed that concentrations
of detected metals were bioavailable and potentially toxic to benthic invertebrates. As
presented in the Work Plan (URS, 2010), existing surficial sediment data were rank-
ordered for the target metals: cadmium, copper, lead, mercury, selenium, and zinc. Eight
(8) prospective SQT stations were identified in the Work Plan, with direction from
DFWMR (April 15, 2010 comment letter), based on concentration gradients.

13
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The final selection of prospective stations for SQT studies was determined based on a
habitat evaluation/reconnaissance survey conducted May 11 — 12, 2010 and subsequent
discussions with DFWMR during a site walk on May 13, 2010. Based on the
reconnaissance survey and site walk, two (2) SQT stations were relocated due to limited
inundation or habitat for benthic invertebrates (Appendix A; May 26, 2010 URS
memorandum). An additional station (PE-SQT-03) was re-located approximately 75 feet
to the southwest during the June 2010 sampling event following the identification of
organic constituents in surficial sediment; this station was not included in SQT studies
due to the potential confounding influence of non-metal stressors in interpreting
community analyses and sediment toxicity testing. Figure 3 illustrates the locations of
the eight (8) SQT stations, as sampled during the investigation.

Selection of Reference SQT Stations

Three (3) reference stations were selected for inclusion in SQT studies to evaluate
potential impacts to benthic invertebrate communities associated with sediment metals
concentrations. During the May 2010 reconnaissance survey, candidate reference
wetlands having similar habitat characteristics to the SWMU 1/22 Wetland Complex and
no known or potential sources of contamination beyond regional background were
identified. General selection criteria for candidate reference wetlands included:

O No known or potential sources of contamination beyond regional background;

QO Located in a wetland consistent with NYSDEC Class 3 wetland classification
and dominated by common reedgrass (Phragmites australis);

O Substrate characteristics (grain size, organic content, etc.) similar to the
SWMU 1/22 Wetland Complex;

O Comparable water depths and inundation periodicity to the SWMU 1/22
Wetland Complex; and

O Accessible for sampling.

The candidate reference wetland selected for comparison with the SWMU 1/22 Wetland
Complex in SQT studies was identified during a site walk with DFWMR on May 13,
2010. The selected reference wetland is located approximately five (5) miles south of the
Site on conservation land owned by Scenic Hudson, Inc. (Figure 4). Similar to the
SWMU 1/22 Wetland Complex, the selected reference wetland is a Phragmites-
dominated wetland with limited open water habitat. The reference wetland complex is
located in a rural setting with no known or potential sources of contamination beyond
regional background. Based on the comparability of the reference wetland to the SWMU
1/22 Wetland Complex and the limited potential for contaminant stressors beyond
regional background, DFWMR agreed that the Scenic Hudson property was an
appropriate reference wetland for SQT studies.

Three (3) SQT stations were located within the reference wetland to represent a similar
range of habitat conditions observed in the SWMU 1/22 Wetland Complex (Figure 4).
Stations were placed on a gradient of inundation, with SQT-9 representing areas of
limited inundation (water depth ~ 1 foot) with dense Phragmites and SQT-11
representing deeper habitats (water depth ~ 3 feet) with less Phragmites and greater open
water habitat.

14
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4.1.2 Sampling Approach

A systematic sampling approach was used to collect sediment samples to support the
multiple lines-of-evidence evaluated in the SQT investigation. The following sediment
samples were collected at each SQT station:

O Composite sediment samples of cores from 0 — 1 foot for toxicity testing and
chemical analyses; and

Q Discrete grab samples (n = 3) for benthic invertebrate community analyses.

At each SQT station, samples for chemical analyses were collected as subsamples of the
sediment volume collected for toxicity testing. Disturbance of sediment cores collected
for toxicity testing were minimized to preserve in situ redox conditions to the greatest
extent practicable. To this end, a non-homogenized composite sample of minimally
disturbed sediment was collected at each SQT location and submitted to EnviroSystems,
Inc. (Hampton, NH) for toxicity testing. At the toxicity testing laboratory, sediments
were homogenized in a nitrogen atmosphere to minimize oxidation of the sediments. An
aliquot of the homogenized sample was collected and submitted to Test America, Inc.
(Pittsburgh, PA) for chemical analysis; the remaining volume of the homogenized sample
was used for toxicity testing.

Discrete samples for benthic invertebrate community analysis were collected
immediately adjacent to locations where composite sediment cores were collected for
toxicity testing and chemical analysis. As described in detail in Section 4.5.1, additional
bulk sediment was collected from adjacent areas, as needed, to obtain sufficient sample
mass of benthic invertebrate tissue. At each SQT station, near-bottom surface water
parameters, including temperature, pH, dissolved oxygen, and specific conductivity were
measured in situ with a YSI 6920 multi-parameter water quality meter. Upon completion
of SQT sampling, the approximate center of each sampling station was recorded using a
sub-meter global positioning system (GPS) unit (Trimble GeoXH).

The detailed sampling approach for the sediment collection to support the three lines-of-
evidence evaluated in the SQT is summarized in the following sections; standard
operating procedures (SOPs) for bulk sediment and benthic community sample collection
are provided in Appendices A and B, respectively of the Work Plan (URS, 2010).

Bulk Sediment Analyses

Bulk sediment samples were collected at SQT stations to provide representative metal
concentrations for comparison to sediment quality guidelines (SQGs) and to evaluate the
results of benthic community and sediment toxicity studies.

At the direction of DFWMR, sediment samples for chemical and toxicological analyses
were collected from the 0 — 12 inch sediment interval. As was noted in the Work Plan
(URS, 2010), this depth interval is not specified in the NYSDEC Technical Guidance for
Screening Contaminated Sediments (NYSDEC 1999) and is deeper than the 0 to 10 — 15
centimeter (3.9 to 5.9 inch) depth interval recommended in USEPA Methods for the
Collection, Storage, and Manipulation of Sediments for Chemical and Toxicological
Analyses (USEPA, 2001). This sample interval is deeper than the typical bioactive zone
of benthic invertebrates (typically O — 6 inches), particularly in reducing wetland
sediments.
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As described in the preceding section, sediment samples for chemical analyses at SQT
stations were subsampled from composite samples collected for sediment toxicity testing.
Multiple sediment cores for the composite sample were collected from 0 — 1 foot with 3-
inch diameter polycarbonate plastic cores. Large woody debris and vegetation that could
be removed with minimal disturbance to the sediment core were removed and the
individual sediment cores were composited in an opaque, laboratory-supplied two-gallon
container with zero headspace; composite samples were not homogenized in the field.
Composite samples were submitted to EnviroSystems for sediment toxicity testing where
the samples were homogenized to similar color and texture under a nitrogen environment.
An aliquot of the homogenized sample was collected at EnviroSystems and submitted to
Test America for chemical and physical analyses.

The sample aliquot submitted to Test America for SQT stations was analyzed for target
metals specified by DFWMR in its correspondence to Dyno Nobel dated June 25, 2009:
cadmium, copper, lead, mercury, selenium, and zinc; additional sediment analyses
included total organic carbon (TOC) and grain size. For reference SQT stations (SQT-09
through SQT-11), sediment samples were analyzed for a broader suite of analytical
parameters to adequately characterize potential chemical stressors other than metals that
may influence toxicity testing or benthic community results. The broader analytical suite
included: target analyte list (TAL) metals, target compound list (TCL) volatile and semi-
volatile organic compounds, and TCL pesticides; additional sediment analyses at
reference locations included TOC and grain size distribution.

Benthic Invertebrate Community Analyses

The incorporation of benthic invertebrate community data into the SQT investigation
provides an empirical dataset for in sifu evaluations of potential toxicity. Benthic
invertebrates are ideal bioindicators because they: 1) are abundant across a broad array
of sediment types, 2) are relatively sedentary, completing most or all of their life cycle in
the same microhabitat, 3) respond to the cumulative effects of various stressors having
differing magnitudes and periods of exposure, and 4) integrate both the effects of
stressors and the population compensatory mechanisms evolved over time to survive in a
highly variable and stressful environment.

Benthic community sampling and analyses were performed at SQT stations from June 14
— 23, 2010, concurrent with sediment chemistry and toxicity testing studies; a second
round of benthic community sampling was conducted from October 27 — 29, 2010 to
provide an additional season of community data.

Three (3) discrete sediment samples for benthic community analysis were collected at
each SQT station in undisturbed areas immediately adjacent to the location of cores
collected for chemical and toxicological analyses. At the direction of DFWMR, benthic
community samples were collected with a petite Ponar sampler. Samples for benthic
community analysis were field-sieved in 500-um bucket sieves to remove fine-grained
sediments; large vegetation and woody debris were rinsed over the bucket sieve and
discarded. Benthic invertebrates and residual material in the bucket sieve were
transferred to clean sampling containers and preserved in 70 percent ethyl alcohol for
transport to the EcoAnalysts, Inc. (Boise, ID) for taxonomic identification.
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In the laboratory, benthic community samples were processed consistent with the
NYSDEC (2009) Standard Operating Procedure: Biological Monitoring of Surface
Waters in New York State and USEPA guidance (Barbour et al., 1999). Benthic
community samples were subsampled based on a random 100-organism sub-count
according to procedures outline in the Work Plan (URS, 2010). Organisms were
identified to the lowest practicable taxon, consistent with the target taxonomic resolution
recommended in NYSDEC (2009).

Laboratory quality assurance/quality control (QA/QC) procedures for the processing and
identification of benthic invertebrate samples were consistent with or greater than the
approach used in NYSDEC (2009) and Barbour et al. (1999). Twenty (20) percent of the
residual material from the sorted subsample was re-examined and any organisms missed
by the sorter were enumerated to ensure a maximum of 10 percent error in sorting
efficiency. At least 10 percent of identified samples were re-identified by a North
American Benthic Society (NABS)-certified taxonomist to ensure a maximum of 10
percent error in taxonomic determinations.

Sediment Toxicity Testing

Sediment toxicity testing provides an ex situ evaluation of toxicity by exposing
laboratory-reared organisms to sediment from SQT stations under controlled laboratory
conditions. Sediment samples for toxicity testing consisted of a composite of sediment
cores to obtain at least two (2) gallons of sediment required to implement both toxicity
testing protocols and to provide an aliquot for chemical analysis, as previously described.

At the direction of DFWMR, sediment samples for toxicity testing were collected from
the 0 — 12 inch sediment interval. As noted in the Work Plan, this depth interval is
deeper than the interval recommended in USEPA (2000) Methods for Measuring the
Toxicity and Bioaccumulation of Sediment-Associated Contaminants with Freshwater
Invertebrates: Second Edition and USEPA (2001), which indicates that samples should
be collected from a depth that will represent expected exposure, typically the O to 2 — 15
centimeter (1 to 5.9 inch) depth interval.

As previously stated, the disturbance of sediment cores collected for toxicity testing was
minimized to preserve in situ redox conditions to the greatest extent practicable.
Sediment from core samples was composited, but not field-homogenized, in opaque,
laboratory-supplied containers and filled to zero headspace. The composite samples were
held at 4°C and transported to the EnviroSystems as soon as practicable. In the
laboratory, sediments were homogenized and toxicity tests were set up in a nitrogen
atmosphere to minimize oxidation of the sediments.

The following chronic sediment toxicity tests were conducted on sediments from SQT
stations:

Q 42-day Hyalella azteca Test for Measuring the Effects of Sediment-Associated
Contaminants on Survival, Growth, and Reproduction (USEPA Method 100.4;
USEPA, 2000); and
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413

Q 28-day Chironomus riparius test evaluating survival, growth, and emergence
consistent with Organisation for Economic Co-operation and Development
(OECD) Guideline 218 (OECD, 2004)°.

The toxicity testing laboratory performed the designated tests on SQT and control
sediments in accordance with test protocols established in USEPA (2000) and OECD
(2004). Laboratory reports detailing the specific procedures of each test are provided in
Appendix B. Overlying water quality was monitored for temperature, dissolved oxygen,
pH, hardness, alkalinity, conductivity, and ammonia at the frequency specified for each
test. At the conclusion of the tests, the following endpoints were reported:

Q 42-day Hyalella azteca: mean survival (Day 28, Day 35, and Day 42),growth as
mean dry weight (Day 28 and Day 42), growth as mean dry biomass (Day 28 and
Day 42), juvenile production on Day 35 and Day 42 (per surviving amphipod and
per surviving female); and

Q 28-day Chironomus riparius: mean survival — Day 10, growth (ash free dry
weight and ash free dry biomass), percent emergence and mean time to
emergence.

The performance of sediment toxicity testing was evaluated consistent with test protocols
provided in USEPA (2000) and OECD (2004). Test acceptability was based on the
performance of laboratory control samples through the duration of the test. As described
in the reports provided in Appendix B, laboratory performance criteria were satisfied for
each endpoint evaluated in the 42-day Hyalella azteca and Chironomus riparius tests.

Results

The following sections summarize the results of the SQT studies conducted in the
SWMU 1/22 Wetland Complex and reference wetland. An evaluation of benthic
invertebrate community exposure is based on the results summarized below is presented
in Section 8.1.

In-Situ Physio-Chemical Parameters

Table 1 presents near-bottom surface water quality parameters measured in situ during
the June 2010 SQT and October 2010 benthic community sampling events. Physical
descriptions of sediments observed at SQT stations are also provided in Table 1.

Bulk Sediment Analyses

The results of bulk sediment analyses of target metals at SQT stations are summarized in
Table 2 and presented in Figure 5. A summary of sediment analytical data is provided in
Appendix C. For reference, sample results are presented relative to NYSDEC sediment
criteria for metals (NYSDEC 1999). Sample results exceeding the lowest effect level
(LEL) are presented in bold; results exceeding the severe effects level (SEL) are shaded
and bold.

* OECD Guideline 218 is the only standard method that could be identified for long term sediment toxicity testing
using Chironomus riparius, the test organism specified by DFWMR in April 15, 2010 comments on the draft work
plan. Standard C. riparius test methods have not been established and fully validated for life cycle exposures
previously requested by DFWMR.
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In general, greater concentrations of target metals were observed at SQT stations in close
proximity to SWMU 22 (SQT-03 through SQT-06) relative to stations with increasing
distance from SWMU 22. Maximum concentrations of target metals were associated
with SQT-03 (selenium), SQT-05 (lead), or SQT-06 (cadmium, copper, mercury, and
zinc). Concentrations of cadmium, copper, and zinc, were generally lower at stations
upstream of SWMU 1 (SQT-01 and SQT-02) when compared to stations downstream of
SWMU 22 (SQT-06 through SQT-08); concentrations of lead, mercury, and selenium at
upstream stations were generally comparable to or greater than concentrations at
downstream stations.

The co-occurrence of target metals in sediment at SQT stations within the SWMU 1/22
Wetland Complex was evaluated using a Pearson correlation analysis based on Shapiro-
Wilk normality testing of the underlying data distribution. Pearson correlation
coefficients (r) generated as the result of the analysis are presented as a matrix in Table 3.
Values of r can range from -1, indicating a perfect negative linear relationship between
variables to 0 indicating no relationship to 1, indicating a perfect positive linear
relationship. For the purposes of the analysis, r values less than -0.7 or greater than 0.7
were considered indicative of strong negative or positive linear relationships,
respectively.

As shown in Table 3, the strongest positive linear relationship was observed between
selenium and lead concentrations in sediment (» = 0.973) followed by the positive linear
relationship between cadmium and zinc (r = 0.88). Other strong positive linear
relationships were observed between sediment concentrations of copper with mercury,
cadmium, and zinc (r > 0.7). The results of the correlation analysis indicate positive
linear relationships between the concentrations of target metals, particularly lead and
selenium, in the SWMU 1/22 Wetland Complex.

Analyses of non-target metal constituents in sediments from reference SQT stations did
not indicate the presence of chemical stressors at concentrations that are likely to impact
benthic invertebrate communities. Table 4 presents detected constituents from TAL
metals, TCL VOC and SVOC, and TCL pesticide analyses conducted at the reference
stations; a complete summary of analytical results from reference SQT stations is
provided in Appendix C. As described in Section 4.1.2, these additional analyses were
conducted to evaluate whether chemical stressors were impacting benthic invertebrate
communities in the reference wetland. Five pesticides, three VOCs, and five SVOCs
were detected in sediments from at least one of the reference SQT stations (Table 4); 13
additional naturally-occurring TAL metals were also detected in reference wetland
sediments. Comparisons of these detected constituents to available sediment screening
criteria (NYSDEC, 1999), indicated only two slight exceedances for arsenic and
manganese; concentrations of detected organic constituents were below available criteria
(Table 4). Based on these results, impacts to benthic invertebrate communities in the
reference wetland due to chemical stressors are not likely. These findings confirm the
suitability of the reference wetland as a control for SQT studies designed to assess
potential impacts associated with site-specific metals.
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An additional characterization of chemical constituents in sediments was conducted
during the June 2010 sampling event at the proposed location of SQT-03 in the SWMU
1/22 Wetland Complex. As previously discussed in Section 4.1.1, organic constituents
were noted in sediments at the proposed location of station SQT-03. A sample of these
sediments (PE-SD-SQT-03) was collected and analyzed to characterize the nature of the
organic constituents. Samples were initially analyzed for VOCs (Method 8260B),
SVOCs (8270B), total sulfides (Method 9030B/9034), and sulfate (Method 9056A).
Additional characterization of organic constituents was conducted using Extractable
Petroleum Hydrocarbons (EPH) analysis based on the Massachusetts Department of
Environmental Protection (MADEP) method (Test America, Westfield, MA).

The results of these analyses indicated minor detections of VOCs and no detections of
SVOCs in sample PE-SD-SQT-03; however, the presence of other petroleum
hydrocarbon compounds was confirmed by the EPH analysis. Carbon disulfide, 1,2,4-
trichlorobenzene, and toluene were detected at low concentrations relative to the
reporting limit (Table 5). No SVOC compounds were detected in the sample; however,
elevated detections limits (650 pg/kg to 17,000 ug/kg) were noted in the test. EPH
analyses indicated elevated concentrations of aromatic and aliphatic compounds (Table
6), with the presence of aromatic compounds indicating that these compounds are likely
petrogenic in nature. C11- C22 aromatics (comprising of polycyclic aromatic
hydrocarbons and other undefined ring structures) were detected at a combined
concentration of 2,600 mg/kg. Heavy end aliphatic compounds were also detected at an
elevated concentration of 13,000 mg/kg. The results of these analyses confirm the
presence of non-metal stressors in the vicinity of PE-SD-SQT-03 and served as the basis
for excluding this station from the SQT evaluation. As previously stated, station SQT-03
was relocated approximately 75 feet to the southwest of sample PE-SD-SQT-03.

Benthic Invertebrate Community Analyses

The following sections describe the benthic invertebrate communities sampled at SQT
stations during sampling events in June and October 2010. The approach for integrating
benthic invertebrate community analyses results into a weight-of-evidence evaluation of
benthic community exposure is presented in Section 8.1.

June 2010

A total of 99 distinct macroinvertebrate taxa were identified in 33 samples collected from
SQT stations in June 2010. Of the 99 taxa identified, 89 were collected from SQT
stations from the SWMU 1/22 Wetland Complex, and 39 taxa were collected from
reference SQT stations (Table 7). Among the SWMU 1/22 SQT samples, 39 distinct taxa
were identified in more than 10 percent of the samples. Two taxa, the non-biting midge
Chironomus sp. and the freshwater isopod Caecidotea sp., were identified in more than
50 percent of the samples. Caecidotea sp. was the most commonly observed taxon,
appearing in 18 of the 24 SWMU 1/22 SQT samples. The distribution and high relative
abundance of Caecidotea sp. is consistent with stations characterized by substrates
containing a surficial layer of Phragmites root mat; Caecidotea sp.is a detritivore that is
commonly found in high abundance in dense stands of vegetation with large quantities of
decaying coarse particulate organic matter (King and Richardson, 2007). Invertebrate
density at SWMU 1/22 SQT stations ranged from 1,391 organisms per m? (SQT-06,
Replicate C) to 52,195 organisms per m” (SQT-05, Replicate B).

20



Port Ewen, New York SWMU 1/22 Wetland Complex Investigations

4.2

Among the reference SQT samples, 39 distinct taxa were identified in more than 10
percent of the samples. The non-biting midges Ablabesmyia peleensis and Chironomus
sp., the gastropods Gyraulus sp. and Physa sp., the isopod Caecidotea sp., and the
amphipod Hyalella sp. were identified in more than 50 percent of the samples. Physa sp.
and Caecidotea sp. were the only taxa identified in all reference SQT samples. Densities
of invertebrates were generally lower at reference SQT stations relative to SWMU 1/22
SQT stations, ranging from 826 organisms per m” (SQT-10, Replicate B) to 4,609
organisms per m” (SQT-11, Replicate A).

October 2010

Community samples collected in October 2010 were relatively depauperate of benthic
invertebrates. Densities ranged from 0 organisms per m?at SQT-03 (all three replicates),
SQT-06 (Replicate A), and SQT-11 (Replicate C) to 5,204 organisms per m” at SQT-02
(Replicate C) (Table 8). A total of 72 distinct taxa were identified in 32 salmples3
analyzed from SQT stations in October 2010. Sixty-four (64) of the 72 taxa identified
were collected from SWMU 1/22 SQT stations, and 25 taxa were collected from
reference SQT stations. Among the SWMU 1/22 SQT samples, 13 distinct taxa were
identified in more than 10 percent of the samples; no taxon was present in more than 50
percent of the samples. Caecidotea sp. was the most commonly observed taxon,
appearing in 9 of the 23 SWMU 1/22 SQT samples. Among the reference SQT samples,
25 distinct taxa were identified in more than 10 percent of the samples. Caecidotea sp.
was the most commonly observed taxon, appearing in six of nine samples.

Sediment Toxicity Testing

Summaries of toxicity testing endpoints for the 42-day Hyalella azteca and Chironomus
riparius toxicity tests are presented in Tables 9 and 10, respectively. Significant toxicity
endpoints are illustrated in Figure 5 for each SQT station within the SWMU 1/22
Wetland Complex. The approach for integrating sediment toxicity results into a weight-
of-evidence evaluation of benthic community exposure is presented in Section 7.1.1.

Downstream Sediment Characterization

Based on the results of the June 2010 bulk sediment analyses, additional characterization
of target metals in sediment downstream of the SWMU 1/22 Wetland Complex was
conducted on October 28, 2010 and November 11, 2010. This additional sediment
sampling was requested by NYSDEC to further characterize the concentrations of metals,
particularly mercury, that were elevated in sediments at station SQT-08, the farthest
downstream SQT station (Figure 5). The following sections describe the sampling
approach and summarize the results of the downstream sediment characterization.

? The taxonomic laboratory inadvertently composited two replicates (B and C) from SQT-01 during the October
2010 sampling event. The composited sample was processed and analyzed, resulting in data for 32 of 33 samples
collected.
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4.2.1

4.2.2

Sampling Approach

Based on discussions with NYSDEC during a conference call on September 29, 2010,
four sediment stations (PE-DNS-SD-01 through PE-DNS-SD-04) were established
downstream of the SWMU 1/22 Wetland Complex (Figure 6). Sediment depositional
features in the vicinity of the stations were targeted for sample collection based on field
observations. Samples were collected at each station from 0 — 1.0 feet using 2-inch
diameter butyrate plastic core liners. At the request of NYSDEC, collection of deeper
sediment intervals was attempted at each station; however, recovery of deeper material
(1.0 -1.5 feet) was only accomplished at station PE-SD-DNS-01. Samples were analyzed
for target metals including cadmium, copper, lead, mercury, selenium, and zinc;
additional sediment characterization included total organic carbon (TOC) content and
grain size distribution.

Results

Analytical results of the downstream sediment sampling are provided in Table 11 and
posted on Figure 6. For reference, sample results are presented relative to NYSDEC
sediment criteria for metals (NYSDEC, 1999). Sample results exceeding the LEL are
presented in bold; results exceeding the SEL are shaded and bold.

The results of the downstream sediment sampling indicate elevated concentrations of
metals, particularly copper and mercury, in the surface interval at the first two
downstream stations (PE-DNS-SD-01 and PE-DNS-SD-02). The deeper sediment
interval at PE-DNS-SD-01 generally contained comparable concentrations to the surface
interval for most metals, with the exception of mercury, which was elevated in the deeper
interval relative to the surface interval. Concentrations of metals at PE-DNS-SD-01 and
PE-DNS-SD-02 were generally consistent with concentrations observed in the surface
interval at station SQT-08. Concentrations of metals, particularly copper and mercury,
were substantially lower in sediments at downstream stations PE-DNS-SD-03 and PE-
DNS-SD-04 relative to upstream stations.
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4.3

4.3.1

The distribution of sediment metals in depositional areas downstream of the SWMU 1/22
Wetland Complex is generally consistent with channel morphology and flow conditions.
The reach from SQT-08 to PE-DNS-SD-02 is characterized by a broad channel with
limited stream velocity that is consistent with past beaver activity that impeded stream
flow. As aresult of limited flow, this reach represents a sediment depositional zone
where fine-grained sediments have accumulated over time; the distribution of metals in
sediments is typically associated with finer-grained sediments. The stream channel
becomes narrower and the stream banks become more defined at downstream stations
PE-DNS-SD-03 and PE-DNS-SD-04. Channel morphology in this downstream reach
becomes more variable, with small riffle complexes becoming evident. Due to the
change in channel morphology, sediment depositional areas at stations PE-DNS-SD-03
and PE-DNS-SD-04 are limited to the channel margins; the thickness of sediment
depositional features is also reduced at these stations relative to the thickness of sediment
deposition at upstream stations PE-DNS-SD-01 and PE-DNS-SD-02. Greater
concentrations of metals observed at upstream stations PE-DNS-SD-01 and PE-DNS-SD-
02 are consistent with a more extensive zone of sediment deposition immediately
downstream of the SWMU 1/22 Wetland Complex; lower metals concentrations at
stations PE-DNS-SD-03 and PE-DNS-SD-04 are consistent with more limited sediment
deposition downstream.

Surface Water Investigation

Surface water sampling was conducted within the SWMU 1/22 Wetland Complex and at
reference stations concurrent with SQT sampling. Surface water data were intended to
support the following data objectives:

O Evaluation of potential ecological exposure to aquatic receptors, particularly the
fish community; and

O Calculation of exposure point concentrations (EPCs) for surface water for input
into dose rate models for wildlife receptors.

The following sections describe the surface water sampling approach and summarize the
results of surface water analyses.

Sampling Approach

Surface water samples were collected from six (6) stations within the SWMU 1/22
Wetland Complex as illustrated in Figure 3. Three (3) additional surface water samples
were collected at reference SQT stations. Surface water samples were collected from mid
water column depth using grab sampling procedures detailed in the Work Plan (URS,
2010). To minimize the disturbance of bottom sediments when collecting surface water
samples, sampling stations were approached from downcurrent and the sample was
collected upcurrent of the physical location of the person collecting the sample.
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4.3.2

4.4

4.4.1

Unfiltered and filtered surface water samples were submitted to Test America for
analysis. Surface water samples were field-filtered using a 0.45 um capsule filter.
Unfiltered samples were analyzed for total hardness, total suspended solids, and target
metals: cadmium, copper, lead, mercury, selenium, and zinc; filtered samples were
analyzed for the list of target metals. Surface water parameters, including temperature,
pH, dissolved oxygen, and specific conductivity were measured in situ with a YSI 6920
multi-parameter water quality meter. The location of surface water stations were
recorded in the field using a Trimble GeoXH sub-meter GPS unit.

Results

Four (4) out of six (6) target metals were detected in filtered and unfiltered samples
collected within the SWMU 1/22 Wetland Complex (Table 12). Detected metals
included copper, lead, selenium, and zinc; concentrations of cadmium and mercury were
below detection in all filtered and unfiltered samples.

Based on the results of the surface water analyses, target metals are not detected at
concentrations likely to result in adverse chronic effects to aquatic life. Filtered surface
water results for detected constituents were evaluated relative to hardness-adjusted
chronic NYSDEC Surface Water Quality Standards (SWQS, Section 703.5). SWQS
values for hardness-dependent metals (cadmium, copper, lead, zinc, etc.) were based on
the lowest and most conservative hardness value from the SWMU 1/22 Wetland
Complex (127 mg/L). As presented in Table 12, concentrations of metals in filtered
samples did not exceed NYSDEC SWQS. These findings indicate that chronic exposure
to metals concentrations in surface water within the SWMU 1/22 Wetland Complex are
not likely to result in adverse effects to aquatic life.

Fish Community Evaluation

A presence/absence fish community survey was conducted to qualitatively evaluate
potential fish community resources available in the SWMU 1/22 Wetland Complex and
adjacent upstream and downstream areas. The following sections describe the sampling
approach and summarize the findings of the fish community evaluation.

Sampling Approach

A qualitative, presence/absence fisheries survey was conducted utilizing methodologies
consistent with those outlined in NYSDEC (2009). As illustrated in Figure 3, three (3)
sampling reaches were established within and adjacent to the SWMU 1/22 Wetland
Complex:

Q Upstream of the site to the south of the plant entrance road;
O Within the SWMU 1/22 Wetland Complex; and
Q Downstream of the SWMU 1/22 Wetland Complex.
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4.4.2

4.5

4.5.1

Each reach was sampled by electrofishing, using a Smith-Root LR-24 backpack
electrofishing unit for approximately 20 — 25 minutes (1215 — 1450 seconds) of
electroshocking time. At the request of DFWMR, the upstream reach was sampled for an
additional 23 minutes (1375 seconds) of electroshocking time to target upper trophic
species (i.e., largemouth bass). Captured fish were held in a live well and evaluated for
potential fish tissue sampling (See Section 4.5). Prior to release, captured fish were
identified to the lowest practicable taxon, typically species. Lengths and weights of fish
were recorded for the first 25 individuals of each taxon captured; remaining fish were
enumerated. Representative fish samples were retained for tissue analyses as described
further in Section 4.5.

Results

The results of the fish community presence/absence survey are summarized in Table 13.
Three (3) fish taxa were collected during the electrofishing effort in the three reaches
upstream, within, and downstream of the SWMU 1/22 Wetland Complex. Golden shiner
(Notemigonus crysoleucas) was the numerically dominant taxon collected in each of the
three reaches. One largemouth bass (Micropterus salmoides) was collected from the
upstream reach and six (6) American eel (Anguilla rostrata) were collected from the
downstream reach (Table 13).

Biological Tissue Sampling

Sampling and analysis of fish and benthic invertebrate tissues were conducted to provide
site-specific tissue data as an input into dose rate models to evaluate potential exposure to
wildlife consumers of these prey items. A secondary data objective was to evaluate
potential bioaccumulation relationships between tissue and relevant exposure media.

Sampling Approach

In accordance with the Work Plan (URS, 2010), biological tissue sampling was
conducted consistent with NYSDEC (2003) Procedures for Collection and Preparation
of Aquatic Biota for Contaminant Analysis, as the guidance was applicable to project
objectives. Tissue samples were collected concurrently with other investigations in the
SWMU 1/22 Wetland Complex and reference areas. Benthic invertebrate tissue sampling
was conducted as part of SQT investigations described in Section 4.1; fish tissue
sampling was conducted as part of the fish community evaluation described in Section
4.4. Specific procedures relevant to the collection and analysis of each tissue type are
described in the following sections.
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Benthic Invertebrate Tissue

As described in the Work Plan, the most abundant invertebrate taxon present in the
SWMU 1/22 Wetland Complex (e.g., chironomids, oligochaetes, etc.) was targeted for
tissue analyses (URS, 2010). However, based on the findings of the May 2010
reconnaissance survey and the initial SQT sampling in June 2010, it was determined that
there was insufficient sample mass of any one individual taxon to obtain the mass
requirements for the selected analytical methods. To account for the limited invertebrate
samples mass recovered in sediment samples, the procedures for the collection and
analysis of benthic invertebrate tissue detailed in the Work Plan were modified as
follows:

O ‘Market Basket’ Composite Sample: The procedures for collecting benthic
invertebrate tissue samples at SQT stations were modified from a target taxon
approach to a ‘market basket’ approach. A ‘market basket’ sample is a composite
of all invertebrate taxa collected at a station, which provides a representative
sample of the invertebrate tissue that invertivorous wildlife may encounter when
foraging in sediments at a given SQT station.

O Reference Composite Sample: Insufficient benthic invertebrate sample mass was
recovered from ‘market basket’ composite samples collected in the reference
wetland. To obtain sufficient sample mass for analysis, ‘market basket’ samples
of benthic invertebrates from the three (3) reference stations were composited into
one representative reference sample.

O Analytical Method: The analytical methods proposed in the Work Plan required
approximately 2.5 grams of tissue. Despite the modifications to the sample
compositing procedures described above, attainment of the minimum sample
mass was not possible at all stations. Therefore, a modified analytical method
was proposed by Brooks Rand Laboratories (Seattle, WA) for samples with a
mass less than 1.5grams. The modified analytical method for low mass samples
used a shared nitric digestion and with analysis by inductively coupled plasma
mass spectrometry (ICP-MS).

These modifications to the benthic invertebrate sampling and analysis approach were
proposed to DFWMR during a June 17, 2010 meeting. DFWMR approved the proposed
modifications to the sampling approach during the meeting and subsequently approved
the modification to the analytical method in an email received on June 18, 2010 (M.
Crance, email communication 6/18/10 in Appendix A).

Samples for benthic invertebrate tissue analyses were collected from SQT stations after
sediment samples were collected to support toxicity testing and benthic community
evaluations. Sediment from undisturbed areas in close proximity to the SQT station was
collected and field-sieved in 500-um bucket sieves to remove fine grained sediments.
The residual material retained in the bucket sieves was sorted in the field and visible
benthic invertebrates were removed using decontaminated tweezers. Benthic
invertebrates were composited to obtain sufficient tissue for analysis, as described above.
Sufficient sample mass was collected at each SQT station, with the exception of SQT-03;
field-sorting of residual material at SQT-03 did not yield any invertebrate sample mass.
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Once the requisite mass of invertebrate tissue was obtained at each SQT station, the
composite invertebrate sample was rinsed with de-ionized water, placed in a clean,
laboratory-supplied sampling container, and frozen until shipment to Brooks Rand
Laboratories for analysis. Figure 7 illustrates the taxonomic composition of benthic
tissue composite samples submitted for analysis. At the direction of DFWMR in the
April 15,2010 comment letter on the draft work plan, benthic invertebrate samples
collected for analyses were not depurated to excrete residual sediment from the gut tract
prior to analysis. Non-depurated benthic invertebrate tissue samples were analyzed for
target metals including: cadmium, copper, lead, total mercury, methylmercury, selenium,
and zinc. The mass of benthic invertebrate tissue samples submitted to the laboratory
was insufficient to quantify percent moisture; therefore, sample results were reported on a
wet weight basis.

Fish Tissue

Fish tissue sampling was conducted concurrently with the fish community evaluation
described in Section 4.4. As discussed in Section 4.4.1, fish community sampling
reaches were established upstream, downstream, and within the SWMU 1/22 Wetland
Complex. During the electrofishing effort at each station, captured fish were retained in a
live well and evaluated for potential tissue analyses.

As specified in the Work Plan, five (5) composite samples of forage fish and five (5)
individual samples of piscivorous fish were targeted at each of the three sampling reaches
established for the qualitative fish community evaluation (See Section 4.4). All fish
collected in the three sampling reaches were kept in the live well prior to sampling for
tissue analyses in order to select appropriate target species based on common
denominators amongst all stations. Target species for tissue analyses were selected with
concurrence from DFWMR (M. Crance, personal communication) based on the available
catch from all three reaches.

As discussed in Section 4.4.2, the results of the electrofishing effort yielded one forage
species (golden shiner) in each sampling reach. Piscivorous species were limited to
American eel in the downstream reach and largemouth bass in the upstream reach. Based
on the available catch, the following fish tissue samples were submitted for analysis with
concurrence from DFWMR:

. Trophic .

Species Status Upstream Site Downstream

Golden shiner 5 5 5
. Forage . . .
Notemigonus crysoleucas (composites) | (composites) | (composites)
American eel Piscivore 5
Anguilla rostrata (individuals)
Largemouth bass o 1
Piscivore T

Micropterus salmoides (individual)
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4.5.2

Fish tissue samples were processed consistent with NYSDEC (2003), as detailed in the
Work Plan (URS, 2010). Fish selected for tissue analysis were placed in a clean plastic
bag, labeled with the appropriate collection information. Samples were placed on ice
until the end of the sampling effort, when the samples were frozen. Samples were
shipped frozen on dry ice to Brooks Rand Laboratories under appropriate chain-of-
custody forms.

Fish tissue samples were analyzed for target metals including: cadmium, copper, lead,
total mercury, methylmercury, selenium, and zinc. In addition, percent moisture was
measured to facilitate conversion between wet weight and dry weight concentrations.

Results

The results of biological tissue sampling in the SWMU 1/22 Wetland Complex are
presented in the following section. The approach for using benthic invertebrate and fish
tissue to evaluate potential risks to semi-aquatic wildlife in the SWMU 1/22 Wetland
Complex is presented in the Section 7.1.3. Evaluation of semi-aquatic wildlife exposure
to metals in small mammal tissues is presented in Section 8.0.

Benthic Invertebrate Tissue

As described in the preceding section, concentrations of target metals were analyzed in
‘market basket’ composite samples of benthic invertebrates collected from SQT stations.
The results of the benthic invertebrate tissue analyses are presented in Table 14; a
complete summary of the analytical data is presented in Appendix C.

Relative to reference samples, concentrations of cadmium, copper, lead, total mercury,
methylmercury, selenium, and zinc were generally elevated in most samples from
SWMU 1/22 SQT samples (Figure 8). Although direct comparisons of tissue
concentrations between sampling stations are confounded by the varied composition of
the ‘market basket’ samples (Figure 7), relative comparisons were made to assess general
metal accumulation in benthic invertebrates available at each station. Benthic
invertebrate tissue concentrations were relatively low in samples from SQT-01, which
contained comparable concentrations to reference samples, with the exception of total
mercury. Bioaccumulation of total mercury was variable with sediment mercury
concentration, with the stations containing lowest (SQT-05) and greatest (SQT-06)
concentrations of mercury in sediments having comparable concentrations in benthic
invertebrate tissue samples. Methylmercury concentrations in benthic tissue samples
were comparable to or lower than the reference samples for all SQT stations, except
SQT-07.

Ratios of methylmercury to total mercury concentrations in benthic invertebrate tissue
samples ranged from 0.06 to 0.75 and generally decreased with increasing mercury
concentrations in sediments (Figure 8). Low methylmercury concentrations relative to
total mercury concentrations in tissues, particularly at higher sediment mercury
concentrations may be indicative of mercury adsorbed to sediment particles in the gut
tract of non-depurated samples.
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Concentrations of target metals in non-depurated benthic invertebrate tissues were
evaluated relative to co-located sediment metal concentrations to assess sediment-
invertebrate bioaccumulation (Figure 8). Although strongly influenced by sample points
at elevated sediment and tissue concentrations, positive linear relationships (R* > 0.8)
were of observed between tissue and sediment concentrations of cadmium, copper, and
lead. Relationships between tissue and sediment concentrations of total mercury,
selenium, and zinc were largely variable over the range of sediment concentrations.
Concentrations of methylmercury in tissue were generally consistent at five (5) of eight
(8) stations across a range of sediment total mercury concentrations; methylmercury
concentrations were variable with sediment concentrations in samples from the remaining
SQT stations.

Fish Tissue

Concentrations of target metals were analyzed in whole body fish tissue samples from
three sampling reaches upstream, within, and downstream of the SWMU 1/22 Wetland
Complex (Figure 3). The results of the fish tissue analyses are provided in Table 15 and
presented graphically by sampling reach and species in Figure 9; a summary of analytical
data for fish tissue analyses is presented in Appendix C.

The results of forage fish tissue analyses were assessed by reach to evaluate potential
spatial relationships in concentrations (Figure 9). Concentrations of selenium and
mercury (total and methyl?) in fish tissue increased with increasing distance from
upstream to downstream sampling reaches. Concentrations of cadmium and copper were
generally consistent between upstream and site reaches, but were elevated at the
downstream sampling reach. Concentrations of lead and zinc were elevated at the site
reach relative to upstream; however, concentrations in downstream samples were not
elevated relative to the upstream results.

A limited number of piscivorous fish samples were collected from the three sampling
reaches. Concentrations of cadmium and selenium in American eel samples collected in
the downstream reach were elevated relative to forage fish from the same reach (Figure
9). Concentrations of methylmercury, copper, and zinc were generally lower in
American eel samples when compared to forage fish. Concentrations of other target
metals in American eel were comparable to concentrations measured in forage fish.
Concentrations of target metals in the one largemouth bass sample collected in the
upstream reach were generally within the range of the error associated with mean forage
fish concentrations (Figure 9).

* An average of 94 percent of total mercury concentrations in forage fish tissue and 87 percent of total mercury in
piscivorous fish tissue was present as methylmercury.
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5.0

5.1

5.1.1

ACTIVE PLANT AREA INVESTIGATIONS

At the request of DFWMR, several ecological investigations were conducted in the
Active Plant Area of the Site. Investigations in the Active Plant Area were designed to
evaluate potential terrestrial bioaccumulation and wildlife ingestion pathways. The
following sections provide details of these investigations.

Terrestrial Bioaccumulation Evaluation

At the request of DFWMR, co-located biological tissue and soil samples were collected
at the margins of the Active Plant Area to evaluate potential terrestrial bioaccumulation
and wildlife ingestion pathways for site-related metals. Samples of small mammal tissue,
earthworm tissue, and surficial soils were analyzed to provide site-specific tissue data to
represent exposure point concentrations for dose rate exposure models to evaluate
potential ingestion pathways for predators of small mammals and vermivorous wildlife.
Biological samples from the Active Plant Area were collected and processed in
accordance with the procedures detailed in the Work Plan under a project-specific
NYSDEC LCP permit for the lawful collection of samples for scientific purposes (Permit
#1643, effective date 5/28/10). The following sections describe the sampling approach
and summarize the analytical data.

Sampling Approach

Small mammal and earthworm tissue collections were spatially- and temporally- matched
with the collection of surficial soil samples in the six (6) sampling grids designated by
DFWMR (URS, 2010): three (3) grids near the northern extent of the Active Plant Area
and three (3) grids near the southern extent (Figure 10). Each sampling grid was
approximately one hectare in area. The sampling approach for the collection of
biological tissue and soil from designated sampling grids within the Active Plant Area is
summarized in the following sections; specific procedures relevant to the collection and
analysis of small mammal and earthworm tissue and soil samples are provided in the
Work Plan (URS, 2010).

Small Mammal Tissue

Eighty (80) Sherman traps were deployed on June 21, 2010 and retrieved on June 24,
2010. Traps were set in transects approximately within each designated sampling grid
(Figure 10). Transects were oriented relative to optimal small mammal habitat, biasing
areas that favor predatory small mammals (e.g., shrews), such as high grass or bushy
areas, along or under fallen logs, along visible trails, and/or along edge habitat within the
sampling grid. As directed by DFWMR, traps were not deployed within the boundaries
of SWMUs and/or AOC:s or in areas of disturbance that lack ecological habitat (e.g.,
gravel or paved areas). The number of transects, number of traps per transect, and the
orientation of transects were customized to each sampling grid depending on habitat
availability and probability of trapping success. Traps were numbered (1 — 80) and the
orientation of traps along each transect was recorded; GPS positions were recorded at the
locations of small mammal traps at both ends of each transect.
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The three (3) night sampling event resulted in a total effort of 240 trap-nights per
sampling grid (80 traps x 3 nights = 240 trap-nights) and 1440 total trap-nights for the
sampling effort (240 trap-nights/grid x 6 grids = 1440 total trap-nights). Traps were
baited with a mixture of bacon grease, peanut butter, and oats and checked in the early
morning and late afternoon. Animals captured in the traps were field-identified and
assigned an individual identification number, indicating the sampling grid, trap number,
and date/time of capture. Captured animals were either retained for tissue analysis or
released and the trap was re-set, re-baited, and returned to its position on the transect.

A total of five (5) small mammal samples were targeted for whole body tissue analyses in
each sampling grid. The Work Plan prioritized predatory small mammals, particularly
shrews (Blarina spp.), for tissue analyses (URS, 2010); however no predatory small
mammals were captured during the 1440 trap-night effort. The first five (5) specimens of
each small mammal taxon captured in each sampling grid were identified, sacrificed by
asphyxiation using dry ice, and retained in a freezer for potential tissue analysis. When
five (5) specimens of a given species were captured within a sampling grid, any
additional specimens of that species captured within the sampling grid were identified
and released. The location of capture, species, and age were recorded for each captured
animal; body length, body weight, and sex were recorded for each animal sacrificed for
tissue analysis.

At the end of the sampling effort, specimens from each sampling grid were inventoried
and the following target species were identified for tissue analysis:

Northern Grids Southern Grids
Species
N1 N2 N3 S1 S2 S3
White-footed mouse 5 5 ’ ’ ’ 0
Peromyscus leucopus
Meadow J umping Mouse 0 0 1 1 0 0
Zapus hudsonius
Mc.eadow Vole . 0 0 ’ 1 0 1
Microtus pennsylvanicus
Total: 5 5 5 5 2 1

Specimens selected for tissue analyses were frozen and shipped to Test America
Laboratories (Pittsburgh, PA) on dry ice. Whole body samples were processed and
analyzed for the 12 metal constituents of potential ecological concern (COPECs)
identified for the Active Plant Area in the Step IIB Report: antimony, arsenic, barium,
cadmium, chromium, cobalt, copper, lead, mercury, selenium, silver, and zinc. Percent
moisture was measured for each sample to facilitate conversions between wet weight and
dry weight concentrations.
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Earthworm Tissue and Surficial Soil

After the completion of small mammal trapping, representative samples of earthworm
tissue and soil were obtained on June 24 and 25, 2010. Earthworm tissue and soil
samples were collected from within each sampling grid using a composite sample design.
Five (5) composite earthworm tissue and composite soil samples were targeted from
quasi-randomly selected small mammal trapping locations within the sampling grid. As
stated in the Work Plan, the objective of the sampling design was to provide spatial
representation of earthworm tissue and soil samples within the trapping area, while
retaining randomization in the sampling design (URS, 2010).

As described in detail in the Work Plan, random number generation was used to identify
targeted earthworm tissue and soil sample locations from the 80 numbered small mammal
traps deployed within the each sampling grid. The locations of earthworm tissue and soil
samples identified by the random number generation were adjusted, as necessary, based
on the discretion of the field team leader if earthworms were not present in the soil or if
there was inadequate spatial coverage of the trapping area. Earthworm tissue and soil
sampling locations are illustrated in Figure 10.

Composite samples for earthworm tissue and soil consisted of subsamples from five (5)
sample points distributed around the randomly selected trap location as follows:

® o
NS
®
10 ft 10 ft

o

At each sample point, a decontaminated shovel was used to collect surficial samples (0 —
1 foot) from the five (5) soil sampling points illustrated in the above diagram. Aliquots
containing approximately equal volumes of each of the five (5) soil sampling points were
homogenized to similar color and texture. The homogenized soil composite were placed
in laboratory-supplied glassware and stored on ice for shipment to Test America
Laboratories (Pittsburgh, PA). Soil samples were analyzed for 12 site-specific metals
identified as COPECs in the Step IIB Report: antimony, arsenic, barium, cadmium,
chromium, cobalt, copper, lead, mercury, selenium, silver, and zinc. The position of the
center sampling point was recorded with Trimble GeoXH sub-meter GPS unit.
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5.1.2

After the collection of the composite soil sample, composite earthworm samples were
collected from the five (5) sample points by digging, as necessary, with a decontaminated
shovel. Approximately equal masses of earthworms from each sample point were
composited until at least 15 — 20 total grams of tissue were obtained for standard metals
analyses (e.g., USEPA SW-846 6020 and 7471A). Once a sufficient sample mass was
collected, composite earthworm samples were rinsed in distilled/deionized water to
remove residual soil, padded dry, placed in clean sample jars. At the direction of
DFWMR, earthworm samples collected for metals analyses were not depurated to excrete
residual soil from the gut tract prior to analysis. Non-depurated samples were frozen and
shipped to Test America Laboratories (Pittsburgh, PA) for analysis. Earthworm samples
were analyzed for the 12 site-specific metal COPECs analyzed in soil and small
mammals.

Results

The following sections present the results of small mammal and earthworm tissue
sampling in the Active Plant Area. The approach for using small mammal tissue to
evaluate potential risks to small mammal predators in the Active Plant Area is presented
in the Section 7.2.1. Evaluation of terrestrial wildlife exposure to metals in small
mammal and earthworm tissues is presented in Section 9.0.

Small Mammal Tissue

Concentrations of site-related metals were analyzed in whole body tissue samples of the
three species of small mammals (meadow jumping mouse, meadow vole, and white-
footed mouse) captured during the June 2010 sampling event within the Active Plant
Area (Figure 10). The results of the small mammal tissue analyses are presented
graphically by sampling grid and species in Figure 11. Summary statistics of small
mammal tissue data are provided in Table 16; a complete summary of analytical data is
presented in Appendix C.

The results of tissue sampling indicated variable results for most metals by sampling grid,
with the exception of lead, selenium, and zinc. Elevated concentrations of lead and zinc
were observed in samples of white-footed mouse from grid N3 relative to other sampling
grids; grid N3 also contained greater concentrations of zinc in meadow vole and meadow
jumping mouse samples. Concentrations of selenium were also elevated in white-footed
mouse samples from grids N1 and N3 relative to other grids. Concentrations of other
metals in white-footed mouse did not differ substantially between grids; low samples
sizes limit spatial comparisons of metals concentrations in meadow jumping mouse and
meadow vole.

Earthworm Tissue

Site-specific metal concentrations were analyzed in non-depurated earthworm tissue from
co-located soil and earthworm sampling stations within the Active Plant Area (Figure
10). The results of the earthworm tissue analyses are presented relative to corresponding
soil concentrations in Figure 12. Summary statistics of earthworm tissue and
corresponding soil data are provided in Tables 17 and 18, respectively. Complete
summaries of analytical data for earthworm tissue and soil data are provided in Appendix
C.
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Concentrations of target metals in earthworm tissues were evaluated relative to co-
located soil metal concentrations to assess soil-invertebrate bioaccumulation (Figure 12).
Based on non-depurated results, bioaccumulation was highly variable for all metals, with
the possible exception of copper and mercury. Concentrations of copper and mercury
generally increased in earthworm tissues with increasing soil concentrations. Uptake of
other metals was highly variable, with a wide range of concentrations observed in
earthworm tissues that were collected from stations with similar soil concentrations.
Some of the highest variability in bioaccumulation was observed in the relationship
between selenium concentrations in earthworms and soil. Selenium concentrations in
earthworms ranged from 4.5 to 197.9 mg/kg (dry weight) in soils containing 0.8 to 2.5
mg/kg of selenium.
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6.0

6.1

6.1.1

6.1.2

ADDITIONAL MEDIA CHARACTERIZATION

In addition to the investigations described in the preceding sections that were designed to
evaluate potential fish and wildlife impacts, NYSDEC requested further characterization
of metals concentrations in soil and sediments in specific areas of the site that lacked
existing data. The following sections describe the sampling conducted to characterize
surficial soils adjacent to SWMU 35 and sediments in the two drainages that traverse the
site and discharge to the SWMU 1/22 Wetland Complex.

SWMU 35 Surficial Soil Sampling

At the request of DFWMR, surficial soil sampling was conducted on June 18, 2010 at the
perimeter of SWMU 35, a former landfill that potentially contains explosive wastes.
Surficial soil samples were collected at the perimeter of SWMU 35 near the toe of
landfill slope to evaluate the potential migration of metals to surficial soils adjacent to
and downgradient of the landfill. As specified in the Work Plan, sampling was not
conducted within the boundary of SWMU 35 due to health and safety concerns
associated with sampling soils in landfills potentially containing explosive wastes (URS,
2010). The following sections describe the sampling approach and summarize the data
collected to characterize soils at the perimeter of SWMU 35.

Sampling Approach

Five (5) surficial soil samples were collected from the perimeter of SWMU 35 (Figure
13). Samples were collected from O - 1 foot using a hand auger. Samples were analyzed
for target metals including: antimony, arsenic, barium, cadmium, chromium, cobalt,
copper, lead, mercury, selenium, silver, and zinc. Sampling locations adjacent to SWMU
35 were recorded with a sub-meter Trimble GeoXH GPS unit.

Results

A summary of SWMU 35 perimeter sampling results is provided in Table 19; individual
sample results are posted on Figure 13.

The results of soil sampling at the perimeter of SWMU 35 indicate that metals are not
migrating downgradient of the landfill and are not likely to result in adverse effects to
ecological receptors. As shown in Table 19, surficial soil concentrations of target metals
were low relative to available NYSDEC Soil Cleanup Objectives for the Protection of
Ecological Resources (Subpart 375-6) or the minimum USEPA Eco-SSL value (antimony
and cadmium only; USEPA, 2007a). Antimony, cadmium, and cobalt slightly exceeded
the soil screening criteria at one location for each metal. Antimony and cadmium
exceeded criteria at the southern-most location PE-35-SO-01 (Figure 13); the antimony
concentration at this station (0.31 mg/kg) was comparable to the minimum Eco-SSL
(0.27 mg/kg). The concentration of cobalt at PE-35-SO-04(17.1 mg/kg) was also
comparable to the minimum Eco-SSL (13 mg/kg). Based on the low concentrations of
metals relative to screening soil criteria, it is not likely that the SWMU 35 landfill is a
source of metals to downgradient surface soils. Furthermore, the limited exceedances of
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6.2

6.2.1

6.2.2

conservative soil screening criteria indicate that concentrations of metals in soils at the
perimeter of SWMU 35 are not likely to result in adverse effects to ecological receptors.

Site Drainage Sediment Characterization

At the request of DFWMR, sediment samples were collected on June 23 and 28, 2010
from two (2) site drainages that traverse the Active Plant Area and discharge to the
SWMU 1/22 Wetland Complex (Figure 14). Analytical data do not exist for sediments in
these drainages; therefore, the purpose of these samples was to characterize
concentrations of site-related metals in sediments within the drainage channels. The
following sections describe the sampling approach and summarize the results of the site
drainage sediment sampling.

Sampling Approach

Bulk sediment samples were collected at five (5) stations within each drainage for a total
of 10 stations. Sediment samples were collected with a coring device to a depth of 24
inches, as prescribed by DFWMR. At each station, samples were collected at the
following four (4) depth intervals: 0—6,6—12, 12— 18, and 18 — 24 inches. Each
sample interval was homogenized to similar color and texture and placed in laboratory-
supplied containers for analysis by Test America Laboratories (Pittsburgh, PA).
Sediment samples were analyzed for the 12 site-specific metals identified as COPECs in
the Step IIB Report: antimony, arsenic, barium, cadmium, chromium, cobalt, copper,
lead, mercury, selenium, silver, and zinc; additional sediment analyses included TOC and
grain size.

Results

The results of the site drainage sediment characterization are illustrated in Figure 14. In
the ditch traversing the northern portion of the Site, concentrations of metals did not
indicate a distinct trend along the flow path or with sampling depth. The maximum
concentration of mercury in the surface sampling interval (0 — 0.5) was observed at the
farthest upstream sampling station (PE-DRN-SD-01); concentrations of mercury varied
by station and depth in the remaining samples. At station near the discharge to the
SWMU 1/22 Wetland Complex (PE-DRN-SD-05), concentrations of copper, mercury,
selenium, silver, and zinc were elevated in the surficial 0-0.5 foot sample.

In the ditch traversing the southern portion of the Site, greater concentrations of metals
were observed at stations downgradient (east) of the railroad tracks relative to stations on
the Active Plant (Figure 14). The greatest concentrations were observed at the two
stations near the discharge to the wetlands, PE-DRN-SD-07 and PE-DRN-SD-06.
Sediments at these stations generally had the greatest concentrations of copper, lead,
mercury and zinc at all depths when compared to other stations within the drainage ditch.
In total, these results indicate that the two drainage ditches that traverse the Site may
represent historic migration pathways of site-related metals.
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7.0

71

7.1.1

EXPOSURE EVALUATION APPROACH

The following sections present the approach used to evaluate data collected as part of the
FWIA Step IIC investigations described in Section 4.0 for the SWMU 1/22 Wetland
Complex and Section 5.0 for the Active Plant Area. The framework that is presented for
evaluating ecological exposure and potential ecological impacts associated with metals in
site media was initially established in the Work Plan (URS, 2010) and refined through
subsequent discussions with DFWMR in meetings (September 15, 2010 and February 24,
2011) and multiple teleconferences (March 4, 11, and 18, 2011).

SWMU 1/22 Exposure Evaluation

Consistent with the ECSM presented in Section 3.1, the framework for evaluating
ecological exposure in the SWMU 1/22 Wetland Complex included quantitative exposure
evaluations for the following receptor categories:

Q Benthic invertebrate community;
Q Fish community; and
Q Semi-aquatic wildlife community.

As described above in Section 4.0 and the Work Plan, FWIA Step IIC investigations
conducted in the SWMU 1/22 Wetland Complex were designed to provide the necessary
data to evaluate exposure and potential ecological impacts to these receptor categories
(URS, 2010). The following sections describe the approach for evaluating exposure to
each receptor category.

Benthic Invertebrate Community Exposure Assessment

The following sections describe the approach to evaluating potential impacts to benthic
invertebrate communities associated with concentrations of site-related metals in
sediments. As discussed in Section 4.1, an SQT investigation was conducted to evaluate
potential risk to sediment-dwelling invertebrates in the SWMU 1/22 Wetland Complex
based on a weight-of-evidence evaluation of spatially- and temporally- matched sediment
chemistry, benthic community, and toxicity testing data. The following sections describe
the data analysis procedures used to evaluate each line of evidence in the SQT
investigation; the integration of the findings of each SQT line-of-evidence into a weight-
of-evidence evaluation is also discussed.

Bulk Sediment Chemistry

The results of bulk sediment analyses were evaluated in accordance with NYSDEC
Technical Guidance for Screening Contaminated Sediments (1999). NYSDEC guidance
establishes freshwater sediment screening values based on the lowest criterion developed
by Persaud et al. (1992) or Long and Morgan (1990). Measured concentrations of target
metals, with the exception of selenium, were evaluated based on these two risk levels:

QO Lowest Effects Level (LEL): Lowest value of either the Persaud et al. (1992)
LEL or the Long and Morgan (1990) Effect Range-Low; and
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Q Severe Effects Level (SEL): Lowest value of either the Persaud et al. (1992) SEL
or the Long and Morgan (1990) Effect Range-Median.

No LEL or SEL exists for selenium; therefore, an SQG developed for British Columbia
by Nagpal et al. (1995) was used to evaluate measured concentrations of selenium.

The magnitude by which the measured concentration of a target metal exceeded its
respective SQG was represented for each station as the quotient of the measured
concentration to the SEL (SEL-Q). For selenium, the magnitude of exceedances was
represented as the quotient of the measured concentration to the SQG developed for
British Columbia by Nagpal et al. (1995). To represent concentrations of mixtures of
target metals relative to SQGs, a mean SEL-quotient (SEL-Qean) Was calculated for each
station (Fairey et al., 2001). The mean SEL-quotient was calculated as the mean of the
SEL-quotients calculated for individual target metals.

Benthic Invertebrate Community

Benthic invertebrate community data were evaluated consistent with the NYSDEC
(2009), as the guidance applies to the collection of benthic invertebrates in a Phragmites-
dominated wetland. A multi-metric approach was utilized to evaluate relative differences
between SWMU 1/22 SQT and reference SQT stations. A subset of the benthic
community metrics identified in the NYSDEC guidance that are applicable to wetland
habitats were included in the evaluation. These metrics include:

Q Taxa Richness;

Non-chironomid and Oligochaete (NCO) Richness;
Percent Model Affinity;

Shannon-Weiner Diversity Index (H);

Hilsenhoff Biotic Index (HBI); and

Q Percent abundance of the dominant taxon.

0O 0 0 O

The metrics listed above were quantified for the summer (June 2010) and the fall
(October 2010) benthic invertebrate community sampling efforts. Mean values
plus/minus the standard error for each metric were presented graphically to enable visual
comparisons between SWMU 1/22 SQT stations and reference SQT stations.

Significant differences between metric values calculated for SQT stations were evaluated
using parametric and non-parametric statistical methods. For the statistical analyses,
reference stations (SQT-9, SQT-10, and SQT-11) were pooled and compared to SQT
stations within the SWMU 1/22 Wetland Complex. The statistical method used to
evaluate differences between stations was selected based on data distribution. Normally
distributed datasets, as determined by the Shapiro-Wilk test for normality, were evaluated
using parametric one-way analysis of variance (ANOVA). Non-normal data were log-
transformed and re-evaluated for normality. Transformed data that satisfied the
normality assumption were analyzed using parametric ANOVA; data that did not satisfy
normality assumptions following transformation were analyzed using a non-parametric
Kruskal-Wallis one-way ANOVA.
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As described above parametric or non-parametric ANOVA was used to evaluate
statistically significant differences between metric values from SQT stations. For metrics
that were observed to have statistically significant differences between stations based on
a=0.05, for either season, a Tukey’s Honestly Significant Difference (HSD) pairwise
comparison test was performed to identify statistical differences (0a=0.05) between
individual stations.

As requested by DFWMR, benthic community metrics calculated for SQT stations were
also evaluated based on the NYSDEC Biological Assessment Profile (BAP) of index
values for net jabs for slow, sandy streams (NYSDEC 2009). Specific metrics evaluated
in the BAP for slow, sandy streams include:

Q Species (taxa) Richness;

Q Hilsenhoff Biotic Index (HBI);

Q Ephemeroptera, Plecoptera, Trichoptera (EPT) Richness; and
O Non-Chironomidae and Oligochaete (NCO) Richness.

The BAP of index values is a method of standardizing values for these metrics to a
common 10-scale, which enables plotting of metrics on a common scale of impacts. The
mean value of the indices represents the assessed impact for each station. Potential
benthic community impacts at SWMU 1/22 SQT stations were evaluated by comparing
BAP scores at SWMU 1/22 SQT stations with BAP scores at reference SQT stations.
BAP scores for June and October benthic community sampling at SQT stations were
graphically displayed to enable qualitative comparisons of BAP scores.

Sediment Toxicity

As discussed in Section 4.1.1, sediment toxicity testing provides an ex situ evaluation of
sediment toxicity at SWMU 1/22 SQT stations relative to reference SQT stations.
Chronic test endpoints specified in Section 4.1.2, provided the basis for comparisons
between SWMU 1/22 SQT and reference SQT stations. Survival, growth, reproduction
(Hyalella azteca only) and emergence (Chironomus riparius only) endpoints were
analyzed to determine statistically significant differences between sediments from
SWMU 1/22 SQT stations and sediments from laboratory control and reference SQT
stations. Statistical comparisons were conducted by EnviroSystems using CETIS®
software. Parametric or non-parametric ANOVA and subsequent pairwise comparisons
were used to evaluate statistical differences in the datasets depending on the normality of
the distribution and the homogeneity of sample variance; statistical differences were
evaluated at a=0.05. Sediments from SWMU 1/22 SQT stations were considered toxic to
benthic invertebrates in a given toxicity test if the test endpoint was significantly different
than at least two (2) reference SQT stations. Further description of the evaluation of
sediment toxicity data is provided in Appendix B.
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SQT Weight-of-Evidence Evaluation

The multiple lines-of-evidence in the SQT investigation were integrated into a weight-of-
evidence evaluation to assess benthic community impairment in the SWMU 1/22
Wetland Complex. The lines-of-evidence included in the SQT investigation vary in
terms of relevance to the site-specific toxicity of sediments (Bay et al. 2007); therefore,
the Work Plan established the relative weight of each line-of-evidence in the weight-of-
evidence evaluation (URS, 2010). Table 20 provides the basis for the following
weighting of SQT lines-of-evidence as presented in the Work Plan, listed in order of
descending relative weight:

1) Benthic community analyses;

2) Sediment toxicity testing: 28-day Chironomus riparius and 42-day Hyalella
azteca tests; and

3) Comparison of bulk sediment chemistry to SQGs.

As presented in Table 20, benthic community analyses provide the most relevant
information regarding site-specific toxicity (Chapman 2007; Chapman and Anderson
2005; McPherson et al. 2008). Community studies are in situ evaluations of indigenous
benthic invertebrates that have integrated the effects of chemical and physical stressors
and have evolved over time to survive in a highly variable and stressful environment.
Benthic community data are most relevant to site-specific exposure; therefore, these data
were afforded the greatest weight in the SQT investigation.

Sediment toxicity testing is less relevant to site-specific toxicity when compared to
benthic community analyses because it represents an ex situ evaluation of sediment
toxicity that creates artificial exposure conditions (e.g., disruption of redox conditions,
etc.) through the collection, transport, and manipulation of sediments. Furthermore,
sediment toxicity testing is conducted using naive laboratory-reared organisms that are
not as tolerant to a highly variable and stressful environment as are organisms living in
the wild (Klerks et al., 1989; Johnston 2010) Of the available chronic endpoints from
the Hyalella and Chironomus testing conducted in the SWMU 1/22 Wetland Complex,
greater weight in the determination of sediment toxicity was assigned to lethal endpoints
(i.e., survival) relative to sublethal endpoints (e.g., growth, reproduction). Lethal
endpoints were afforded greater weight in the SQT evaluation because adverse effects
observed in these test endpoints will likely result in greater effects on population stability
(McPherson et al. 2008).

The lowest relative weight in the SQT evaluation was assigned to comparisons of bulk
sediment concentrations to generic sediment screening values (e.g., LEL or SEL).
Generic sediment screening values do not take into account site-specific factors that
mitigate the toxicity and bioavailability of metals in sediments (NYSDEC 1999;
McPherson et al. 2008; Chapman and Anderson 2005). As a result, these comparisons
are the least relevant to the site-specific toxicity of sediments when considered relative to
benthic community analyses and sediment toxicity testing.
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Consistent with the weighting of the lines-of-evidence described above, SQT data from
the SWMU 1/22 Wetland Complex were evaluated based on the framework for
interpreting SQT data proposed by (Bay and Weisberg, 2010). The framework for
integrating the three lines-of-evidence into a station-specific assessment of impacts is
based on a three step process:

Q Step 1: The response for each line-of-evidence is assigned into one of four

categories:
1. No difference from reference conditions (i.e., minimal response);
2. A minor response that might not be statistically distinguishable from
reference (i.e., low response);
3. A response that is clearly distinguishable from reference (i.e., moderate
response); and
4. A severe response indicative of extreme conditions (i.e., high response).

For the SQT lines-of-evidence evaluated in the SWMU 1/22 Wetland Complex,
the response category for each line of evidence was assigned based on the
following criteria for each line-of-evidence:

o

Sediment chemistry: Exposure to target metals concentrations at each
station was evaluated relative to SQGs using SEL-Q values for individual
metals and SEL-Qpean Values calculated for mixtures of target metals at
each station. Potential exposure to target metals in sediments at each SQT
station was categorized as minimal (SEL-Qpean <1), low (SEL-Qpean 1-5),
moderate (SEL-Qpean 5-15), or high (SEL-Qpean >15).

Sediment toxicity testing: Potential benthic community-level responses
associated with toxicity tests were assigned based on survival endpoints in
the most sensitive chronic toxicity test, i.e. the 42-day Hyalella azteca test.
Hyalella is a more sensitive indicator of survival relative to Chironomus,
which only had significant survival effects at SQT-03. Therefore, the use
of Hyalella endpoints is a conservative representation of sediment toxicity
at SQT stations within the SWMU 1/22 Wetland Complex.

As previously stated, greater weight is afforded to survival endpoints
because adverse effects observed in these test endpoints will likely result
in greater effects on population stability (McPherson et al., 2008). Test
organism survival at SWMU 1/22 SQT stations was evaluated based on
relative to survival at reference stations (relative survival) by dividing the
mean survival at the study station relative to mean survival at the
combined reference stations. Potential responses were assigned to each
SWMU 1/22 station based on comparisons of the relative survival of
Hyalella azteca. Potential toxicity at each SQT station was categorized as
nontoxic (> 80 percent relative survival and not statistically different from
reference survival), low (60 — 80 percent relative survival), moderate (30 —
60 percent relative survival), or high (< 30 percent relative survival).
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o

Benthic invertebrate community data: Impacts or disturbances to
benthic communities were evaluated based on relative comparisons of
mean BAP index values for the June sampling event’. Differences
between mean BAP index values at SWMU 1/22 and reference SQT
stations were evaluated as the ratio of mean BAP index values for SWMU
1/22 SQT stations to the mean BAP index values for the combined
reference SQT stations. Ratios of mean BAP index values (BAP-Q) less
than 1.0 were indicative of a disturbance or impact at SWMU 1/22 stations
relative to reference conditions. Potential benthic community disturbance
at each SQT station was categorized as: reference (BAP-Q >1), low
(BAP-Q = 0.8 — 1.0), moderate (BAP-Q = 0.4 — 0.8), or high (BAP-Q <
0.4). In addition to mean BAP index values, the number of community
metrics that were significantly different at SWMU 1/22 stations relative to
reference stations was considered in assigning response categories.

O Step 2: Based on the responses assigned for each line-of-evidence at the SQT
stations, the individual lines-of-evidence were integrated to address two key
questions: 1) Is the degradation of benthic community structural metrics evident
at SWMU 1/22 SQT stations, and 2) Are concentrations of target metals
sufficiently elevated in sediments to explain the observed degradation? The
framework for addressing these questions is presented in Table 21, as developed
by (Bay and Weisberg, 2010). The process for implementing the framework is
presented below:

o

Classifying the Severity of Effects: As presented in the Table 21A, the
process for classifying the severity of effects integrates the results of
sediment toxicity testing and benthic community analyses. Based on the
response categories assigned in Step 1 for each respective line-of-
evidence, the severity of biological effects was classified for each SWMU
1/22 SQT station using the matrix presented in Table 21A.

Potential for Chemically Mediated Effects: The potential for observed
biological effects to be associated with exposure to target metals in
sediments was assessed based on the integration of the sediment chemistry
and sediment toxicity testing lines-of-evidence. As illustrated in Table 21
B, response categories assigned in Step 1 for the sediment chemistry and
sediment toxicity testing lines-of-evidence were used to identify the
potential for chemically-mediated effects.

> Because of the low density of organisms collected during the October sampling event, the mean BAP index was
greater than 1.0 for all stations except SQT-3 and SQT-6. It is likely that low invertebrate density at SWMU 1/22
and reference stations and the resulting high BAP was influenced by factors other than sediment chemistry;
therefore, to be conservative, only the results from the June sampling event.
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o

Step 3: The final step in the weight-of-evidence evaluation of the SQT lines-of-
evidence is the integration of the severity of effects classifications (Table 21A)
and the potential for chemically-mediated effects (Table 21B). Using the matrix
presented in Table 21C, station-specific impacts were assigned for each SWMU
1722 SQT station based on the severity of biological effects and the potential for
chemically-mediated effects classifications designated in Step 2 (Tables 21B and
21C). Integration of the SQT lines-of-evidence based on the framework described
above was used to assign SWMU 1/22 SQT stations to one of six impact
categories, as presented in Bay and Weisberg (2010):

o Unimpacted: Confident that sediment contamination is not causing
significant adverse impacts to aquatic life living in the sediment at the
Site;

o Likely unimpacted: Sediment contamination at the Site is not expected

to cause adverse impacts to aquatic life, but some disagreement among the
lines-of-evidence reduces certainty in classifying the site as unimpacted;

o Possibly impacted: Sediment contamination at the Site may be causing
adverse impacts to aquatic life, but these impacts are either small or
uncertain because of disagreement between among the lines of evidence;

o Likely impacted: Evidence for a contaminant-related impact to aquatic
life at the Site is persuasive, even if there is some of disagreement among
lines-of-evidence;

o Clearly impacted: Sediment contamination at the Site is causing clear
and severe adverse impacts to aquatic life.

o Inconclusive: Disagreements among the lines-of-evidence suggest that
either the data are suspect or that additional information is needed before a
classification can be made.

7.1.2 Fish Community Exposure Assessment

The exposure assessment for the fish community in the SWMU 1/22 Wetland Complex
was based on the following three lines of evidence:

Q

Q

a

Comparison of surface water results to water quality criteria protective of aquatic
life;
Comparison of the fish presence/absence survey results from the SWMU 1/22 and

downstream sampling reach to survey results from the upstream sampling reach;
and

Comparison of mercury concentrations in fish tissue to a conservative tissue
residue benchmark for mercury.

Fish community exposure was evaluated based on comparisons of concentrations of
target metals in filtered surface water samples to chronic NYSDEC SWQS for the
protection of aquatic life. Direct contact exposure (gill absorption) with surface water is
a primary route of exposure for fish in the SWMU 1/22 Wetland Complex.
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713

Evaluation of the fish community was based on qualitative comparisons of fish taxa
present within and downstream of the SWMU 1/22 Wetland Complex to taxa observed
upstream of the wetland. The results of the presence/absence survey were evaluated to
identify potential patterns in the distribution of taxa that was consistent with gradients of
metals concentrations in sediment and/or surface water.

Potential adverse effects related to fish community exposure to mercury in the SWMU
1/22 Wetland Complex were evaluated based on comparisons of measured concentrations
of mercury to a conservative tissue residue benchmark. Whole body fish tissue samples
(wet weight) were compared to a tissue residue benchmark established by Beckvar et al.
(2005). Based on studies with paired no effect and effect endpoints (e.g., survival,
growth, reproduction, development, behavior), Beckvar et al. (2005) summarized no
effect residue (NER) and low effect residue (LER) whole body burden thresholds for
mercury for various fish life stages (e.g., eggs, larval, fry, adult, etc.). Based on the
geometric mean of paired NER and LER values, Beckvar et al. (2005) recommended a
whole body threshold effect concentration of 210 ng/g wet weight. This threshold effect
concentration was considered protective of juvenile and adult fish due to the
representation of multiple life stages in the supporting studies. Mercury concentrations in
whole body fish tissues measured in the SWMU 1/22 Wetland Complex were evaluated
relative to this benchmark as a conservative evaluation of potential effects.

Semi-Aquatic Wildlife Exposure Assessment

Simplified dose rate models were developed to evaluate wildlife ingestion pathways in
the SWMU 1/22 Wetland Complex. Dose rate models were developed to calculate
estimated daily doses (EDDs) of metals that select receptor groups may experience
through exposure to site media. EDDs for wildlife receptors were calculated using: (1)
EPCs based on site-specific measurements of metals in prey and abiotic media and (2)
receptor-specific exposure parameters and food chain model assumptions. EDDs were
calculated using EPCs and receptors-specific exposure parameters expressed on a dry
weight basis®.

Calculated EDDs were compared to toxicity reference values (TRVs) representing no
observable adverse effect levels (NOAELSs) or low observable adverse effect levels
(LOAELs) to evaluate the potential for adverse ecological effects. Potential risks
associated with estimated doses to wildlife receptors were expressed as hazard quotient
(HQs), which represent the ratio of the calculated EDD to the TRV for wildlife ingestion
pathways:

EDD

HQ=—"—
C="Try

Potential risk may be characterized based on HQs, as follows:

® Wet weight tissue concentrations reported by analytical laboratories were converted to dry weight based on the
measured moisture content of tissue samples. Measured tissue concentrations were input into the dose rate models
to maintain consistency with exposure parameters (e.g, food and sediment ingestion rates) expressed on a dry weight

basis.
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o HQs greater than 1.0 indicate that exposure exceeds a known threshold of effects,
which could represent no adverse effects (e.g., NOAEL) or low adverse effects
(e.g., LOAELs).

o HQs less than 1.0 based on a NOAEL indicate that adverse effects are extremely
unlikely because constituent concentrations result in a dose that has been
demonstrated not to cause adverse ecological effects.

O HQs less than 1.0 based on a LOAEL indicate that constituent concentrations do
not result in an exposure associated with adverse ecological effects to test
organisms; HQs less than 1.0 based on a LOAEL are not likely to result in
adverse effects to receptor populations.

Appendix D provides a detailed description of the dose rate model, including the
derivation of exposure parameters, the calculation of exposure point concentrations, and
the derivation of TRVs. A general overview of the model is provided below.

Dose Rate Model Overview

The total dose (EDDy,,;) experienced by each receptor was calculated as the sum of the
doses obtained from the primary routes of exposure, the direct ingestion of dietary items,
the direct ingestion of surface water, and the incidental ingestion of substrate (e.g., soil or
sediment):

EDD,, ,=EDD,, +EDD

total diet water

+EDD

substrate

In the model, the dose from each route of exposure was calculated individually as
follows:

Dietary Dose:

As described in Section 4.5, concentrations of metals in dietary items of semi-aquatic
wildlife receptors were directly measured in the SWMU 1/22 Wetland Complex.
Representative EPCs for input into the dietary dose models were based on the upper 95
percent confidence limit of the mean concentrations (UCLgs) of the site-specific dry
weight tissue datasets. UCLys concentrations were calculated using USEPA ProUCL
4.00.02, as described in detail in Appendix D. Receptor-specific exposure parameters
were used to estimate the dietary dose based on the tissue EPCs as follows:

_ D (DIRXC, X DF,)x AUF
diet — BW

EDD

where:

EDDyir = Dietary dose of constituent (mg/kg receptor body weight-day)

DIR = Daily ingestion rate of dietary items (kg food ingested per day, dry
weight)

Ci; = UCLys concentration of constituent in dietary item i (mg /kg food item,
dry weight)

DF; = Dietary fraction of item i (proportion of dietary item in total diet)

AUF = Area use factor (unitless)
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BW = Body weight of the receptor, wet weight (kg)
Water Dose:

The dose associated with the direct ingestion of surface water was calculated based on
maximum unfiltered surface water concentrations and receptor-specific exposure
parameters as follows:

_ WIRXC,,,, X AUF

water BW

EDDy.er = Dose of constituent obtained through direct ingestion of surface water
(mg/kg receptor body weight-day)

EDD

WIR = Drinking water ingestion rate (liters ingested per day)
Chater = Maximum constituent concentration in unfiltered surface water (mg/L)
AUF = Area use factor (unitless)
BW = Body weight of the receptor, wet weight (kg)
Substrate Dose:

The dose associated with the incidental ingestion of sediment was calculated based on
calculated UCLys sediment concentrations and receptor-specific exposure parameters as
follows:

SIR xC X AUF

EDD — incidental substrate
substrate
BW

EDDygypsirate = Dose of constituent obtained through incidental ingestion of substrate
(mg/kg receptor body weight-day)

SIRincidental = Incidental ingestion rate of substrate (kg substrate ingested per day, dry

weight)

Castrate = Constituent concentration in substrate (mg COPEC/kg substrate, dry
weight)

AUF = Area use factor (unitless)

BW = Body weight of the receptor, wet weight (kg)

Based on the dose rate model described above, potential risks to wildlife receptors were
evaluated based on two (2) scenarios:

0O Maximum Area Use: Scenario conservatively assumes that individual wildlife
receptors forage exclusively within the defined exposure area for their entire life
span. For this scenario, the AUF input into the dose rate model is 1.0; and

O Area Use Adjusted Exposure: Scenario quantifies exposure based on the
proportion of the time that a receptor is likely to forage within the exposure area
as a function of its total foraging range. For this scenario, the AUF input into the
dose rate model is the ratio of the size of the exposure area to the size of the
receptor-specific foraging range (See Appendix D).
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7.2

Further discussion of the exposure scenarios and the underlying assumptions used in the
evaluation of wildlife exposure in the SWMU 1/22 Wetland Complex is provided in
Appendix D.

Exposure Area

The wildlife exposure area for SWMU 1/22 Wetland Complex included the area from the
plant entrance road to the farthest extent of the downstream sediment characterization
sampling (Figure 15). In addition, at the request of DFWMR, portions of the site
drainage ditches to the east of the railroad tracks were conservatively included in the
exposure area. The area characterized by the downstream sediment sampling stations
was included in the wildlife exposure area due to the elevated concentrations of site-
related metals observed in sediments downstream of the site and the potential for wildlife
foraging within the SWMU 1/22 Wetland Complex to forage downstream of the site.
Based on these extents, the total exposure area for the SWMU 1/22 Wetland Complex
comprises approximately 5.2 hectares and approximately 1.9 linear kilometers (Figure
15).

Selected Receptors

Consistent with the ECSM developed in Section 3.1, potential exposures to representative
wildlife receptors in the SWMU 1/22 Wetland Complex were modeled to evaluate
potential risk to the following trophic categories:

O Avian aerial insectivore: Tree swallow (Tachycineta bicolor);
Avian piscivore (large): Great blue heron (Ardea herodias)
Avian piscivore (small): Belted kingfisher (Ceryle alcyon);
Avian invertivore: Mallard (Anas platyrhynchos)

Mammalian aerial insectivore: Indiana bat (Myotis sodalis);

0O 00 0 O

Mammalian piscivore: Mink (Mustela vison); and

O Mammalian omnivore: Raccoon (Procyon lotor).

Receptor-specific parameters used to evaluate exposure to representative receptors are
provided in Appendix D.

Active Plant Area Exposure Evaluation

The exposure evaluation in the Active Plant Area focused on potential risks to wildlife
receptors that potentially forage on small mammals and earthworms along the margins of
the facility. Terrestrial wildlife exposure was evaluated for the following scenarios for
the Active Plant based on the sampling design described in Section 5.1:

O Northern sampling grids: maximum area use exposure;
Q Southern sampling grids: maximum area use exposure; and

O Northern and Southern sampling grids: maximum area use and adjusted area use
exposure for long-ranging receptors.
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7.2.1

Maximum area use exposure was appropriate when evaluating the plant regions
individually based on the foraging range of receptors. Short-ranging receptors (e.g.,
short-tailed shrew and American robin) would forage exclusively within the northern or
southern grids based on limited home range; therefore, area use adjusted doses would not
be appropriate for these receptors. The foraging area of these short-range receptors is not
large enough to include both plant regions; therefore, only long-ranging receptors were
evaluated in the combined northern and southern grid exposure scenario.

The combined data for the northern and southern grids were used to conservatively
represent exposure throughout the approximately 42 hectares of the Active Plant Area.
Area use adjusted exposure to long-ranging receptors (e.g., red-tailed hawk and red fox)
was only evaluated in the combined northern and southern grids exposure evaluation
because the foraging area of these receptors could include both plant regions. The
following section describes the approach for evaluating wildlife exposure in the Active
Plant Area.

Terrestrial Wildlife Exposure Assessment

The wildlife exposure assessment for the Active Plant Area was conducted using dose
rate models. Consistent with the evaluation of wildlife exposure in the SWMU 1/22
Wetland Complex, calculated EDDs from dose rate models were compared to TRV's and
potential risks to wildlife were expressed as HQs, representing the ratio of the calculated
EDD to the TRV.

A detailed description of the dose rate model is provided in Appendix D, including the
derivation of exposure parameters for terrestrial receptors, the calculation of exposure
point concentrations, and the derivation of TRVs. A general overview of the model is
provided below.

Dose Rate Model Overview

Based on the ECSM for the Active Plant Area (Section 3.2), the total dose (EDD;ysu)
experienced by each select receptor was calculated as the sum of the doses obtained from
the primary routes of exposure: the direct ingestion of dietary items and the incidental
ingestion of substrate (e.g., soil):

EDD, ,=EDD,, +EDD

total diet substrate

The dose from each route of exposure was calculated using the general form of the
equations presented in Section 7.1.3. Input parameters specific to each exposure route for
the terrestrial wildlife exposure evaluation include:

Dietary Dose:

As described in Section 5.1.1, concentrations of metals in earthworms and small
mammals were directly measured from select areas on the margins of the Active Plant
Area. Representative EPCs for input into the dietary dose models for predators of small
mammals and vermivorous wildlife were based on the UCLgs concentrations calculated
from the site-specific dry weight small mammal and earthworm tissue datasets,
respectively. UCLys concentrations were calculated using USEPA ProUCL 4.00.02, as
described in detail in Appendix D. The estimated dietary dose was calculated based on
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the tissue EPCs using the dietary dose equation presented in Section 7.1.3 (See Appendix
D).

Substrate Dose:

The estimated dose associated with the incidental ingestion of soil was calculated based
on UCLys soil concentrations and receptor-specific exposure parameters using the
substrate dose equation presented in Section 7.1.3. Additional details regarding the
calculation of estimated substrate doses are provided in Appendix D.

Selected Receptors

Consistent with the ECSM developed in Section 3.2, potential exposures to representative
wildlife receptors in the Active Plant Area were modeled to evaluate potential risk to the
following trophic categories:

O Red fox (Vulpes vulpes): carnivorous mammal;

O Red-tailed hawk (Buteo jamaicensis): carnivorous bird;

Q Short-tailed shrew (Blarina brevicauda): vermivorous mammal; and
O American robin (Turdus migratorius): vermivorous bird.

Receptor-specific parameters used to evaluate exposure to representative receptors in the
Active Plant Area are provided in Appendix D.
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8.0

8.1

8.1.1

SWMU 1/22 EXPOSURE EVALUATION AND RISK
CHARACTERIZATION

Based on the approach detailed in the preceding section, the results of the SWMU 1/22
Investigations (Section 4.0) were used to evaluate current ecological exposure to aquatic
and semi-aquatic receptors potentially inhabiting the SWMU 1/22 Wetland Complex.
The following sections present the results of the exposure evaluation for the receptor
groups identified in the ECSM (Section 3.1):

O Benthic invertebrate community;
Q Fish community; and
O Semi-aquatic wildlife community.

Potential risks to each receptor group are characterized based on the results of the
exposure evaluation.

Benthic Invertebrate Community Exposure

Benthic invertebrate community exposure was evaluated based on a weight-of-evidence
SQT approach integrating the bulk sediment chemistry, benthic invertebrate community,
and sediment toxicity results presented in Section 4.1.3. The following sections present
the results of the exposure evaluation for the SQT lines of evidence based on the
evaluation approach established in Section 7.1. The findings of the exposure evaluation
for each line of evidence is integrated into a weight-of-evidence assessment of benthic
invertebrate community impacts in the SWMU 1/22 Wetland Complex.

Sediment Quality Triad Exposure Evaluation

The following sections present the findings of the exposure evaluation for each line of
evidence in the SQT investigation.

Sediment Chemistry

Sediment chemistry results were evaluated relative to SQGs provided in NYSDEC
guidance (NYSDEC, 1999). Measured concentrations of metals in sediment, with the
exception of selenium, were compared to: 1) LEL values indicative of sediment
contamination that can be tolerated by the majority of benthic organisms, but may cause
toxicity to a few species; and 2) SEL values indicative of contamination that is expected
to result in the disturbance of benthic invertebrate communities. No LEL or SEL exists
for selenium; therefore, an SQG developed for British Columbia by Nagpal et al. (1995)
was used as a representative LEL to evaluate selenium concentrations. The results of the
comparisons of sediment metals concentrations to SQGs is presented in Table 2, and
illustrated spatially in Figure 5.
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Evaluation of target metals concentrations in SWMU 1/22 SQT sediments indicates
exceedances of SQGs (Table 2). Measured concentrations of target metals at SQT
stations exceeded LELSs for all metals in each sample, with the exception of cadmium and
zinc in SQT-03. SELs were exceeded in each sample for copper, lead, and mercury; four
samples exceeded the SEL for zinc and only one sample exceeded the SEL for cadmium.
SEL-Q and SEL-Qpean values are presented in Table 22 for each SQT station. As
previously stated for selenium, SEL-Q was represented as the quotient of the measured
concentration to the SQG developed for British Columbia by Nagpal et al. (1995).
Concentrations resulting in the greatest magnitude of SEL exceedances were observed in
samples from stations SQT-03, SQT-04, and SQT-06. As previously stated, these
stations are closest to the SWMU 22 landfill (Figure 5).

Concentrations of target metals measured at reference SQT stations exceeded LELSs for
most metals in most samples (Table 2); however no samples contained target metals
concentrations exceeding an SEL (Table 22).

Benthic Invertebrate Community

As discussed in Section 7.1.1, benthic community data were evaluated based on a multi-
metric approach consistent with NYSDEC (2009) and in consultation with DFWMR.
Calculated metric values for the Summer (June) 2010 and Fall (October) 2010 sampling
events are tabulated in Table 23 and presented graphically in Figure 16 for the following
metrics:

Q Taxa Richness;

NCO Richness;

Percent Model Affinity;
Shannon-Weiner Diversity Index;
Hilsenhoff Biotic Index (HBI); and

0O 0 0 O

Q Percent abundance of the dominant taxon.

Table 24 presents a summary of statistical comparisons of benthic community metrics at
SWMU 1/22 Wetland Complex stations and pooled reference stations. Shaded p-values
in Table 24 indicate statistically significant differences between SWMU 1/22 metric
values and reference values that are consistent with benthic community degradation. The
following sections present the evaluation of benthic invertebrate data for the June and
October 2010 sampling events.

June 2010

For the June 2010 sampling event, metrics values calculated for stations SQT-01, SQT-
02, and SQT-08 were not indicative of benthic community degradation when compared
to reference metric values (Figure 16). Taxa richness, NCO richness, Shannon-Weiner
diversity indices and percent model affinity values for these stations were greater than or
comparable to richness values calculated for reference stations. Values for the percent
abundance of the dominant taxon and HBI were comparable to reference stations. None
of the metric values calculated for these stations were statistically different than metric
values from pooled reference samples.
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The statistical evaluation of June 2010 benthic community metrics indicates significant
differences in metric values at select SWMU 1/22 Wetland Complex stations when
compared to reference stations. Benthic communities at stations SQT-03, SQT-04, SQT-
05, and SQT-07 were characterized by significantly greater relative abundance of the
dominant taxon and lower diversity when compared to reference stations. Taxa and NCO
richness values at stations SQT-03, SQT-04, SQT-05, and SQT-06 were consistent with
the lower portion of the range of richness values for reference samples (Figure 16),
although only NCO richness at SQT-04 was statistically lower than reference (Table 24).
Percent model affinity values at stations SQT-03, SQT-05, and SQT-07 were also
significantly lower than reference stations. Samples from stations SQT-03 and SQT-04
contained a more tolerant community relative to reference stations based on statistically
greater HBI values.

Benthic community metrics calculated for SQT stations in June 2010 were also evaluated
based on the NYSDEC BAP of index values for net jabs for slow, sandy streams
(NYSDEC, 2009). As described in Section 7.1.1, the BAP for slow, sandy streams
standardizes metric values for taxa richness, HBI, EPT richness, and NCO richness into a
common 10-scale. The mean value of the metrics presents an index value to assess
impacts at each SWMU 1/22 SQT station relative to index values from reference SQT
stations. The BAP of index values for the June sampling event are tabulated in Table 25
and presented graphically in Figure 17.

The results of the BAP are generally consistent with the findings of the multi-metric
statistical evaluation describe above. As presented in Figure 17, mean index values for
SQT-01, SQT-02, SQT-07, and SQT-08 were greater than or equal to the greatest index
value for the reference stations (SQT-11), indicating that benthic community condition at
these stations is equivalent to or greater than the condition of the reference community.
Values for individual metrics included in the index value were also generally comparable
to or greater than reference values for these stations. Mean index values for SQT-03,
SQT-04, SQT-05, and SQT-06 were lower than the lowest reference index value (SQT-
09), indicating that benthic community condition at these stations is degraded relative to
the reference community.

October 2010

As described in Section 4.1.3, benthic community samples from the October 2010
sampling event were generally depauperate at SWMU 1/22 and reference SQT stations
relative to June 2010 samples. Samples from station SQT-03 were completely
depauperate in October; no benthic invertebrate organisms were present in any of the
replicate samples collected in October at SQT-03. Metric values calculated for the
October sampling event reflect this general decline in benthic community condition
(Table 23; Figure 16).

Statistical evaluations of metric values from October 2010 indicate limited significant
differences in metric values between SWMU 1/22 and reference stations (Table 24). The
only statistical difference between metric values at SWMU 1/22 SQT stations and the
pooled reference data was the HBI value at SQT-06, which was significantly greater than
values at reference stations. Greater variability was observed in October reference values
for the metrics that resulted in statistically significant differences in the June data
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(percent dominant taxon, Shannon-Weiner diversity index, and percent model affinity).
The lack of statistically significant differences between these metrics in the October data
evaluation is likely attributed to the broad variability in reference metric values.

Despite the lack of statistical significance, SQT stations with metric values that were not
indicative of degradation in June were generally not indicative of degradation in October.
Richness metrics and percent model affinity were generally comparable or greater than
reference values at all SQT stations except SQT-03 and SQT-06. Consistent with these
results, the percent abundance of the dominant taxon and HBI values were comparable to
or lower than reference values at all stations except SQT-06; no values were calculated
for these metrics at SQT-03 because no organisms were recovered from this station.

The results of the BAP for the October samples illustrate the general decline in benthic
community condition at SWMU 1/22 and reference SQT stations relative to June
samples. As presented in Figure 17, the range of mean index values for October samples
were generally lower than range of values for June samples. Mean index values for
stations SQT-02 and SQT-07 were substantially greater than values for all reference
stations; index values for other stations except SQT-06 were comparable to or greater
than values for reference stations. Mean index values for SQT-06 and SQT-03 were
substantially lower than reference stations, indicating degraded benthic community
condition at these stations relative to the reference community.

Sediment Toxicity Testing

The results of sediment toxicity tests indicate significant effects to test organisms at
several stations within the SWMU 1/22 Wetland Complex. As discussed in Section 4.1,
sediment toxicity was evaluated ex sifu based on the following chronic tests:

Q 42-day Hyalella azteca Test for Measuring the Effects of Sediment-Associated
Contaminants on Survival, Growth, and Reproduction (USEPA Method 100.4;
USEPA, 2000); and

Q 28-day Chironomus riparius test evaluating survival, growth, and emergence
consistent with (OECD) Guideline 218 (OECD, 2004).

Table 9 presents a summary of toxicity testing endpoints for the Hyalella azteca test;
toxicity testing endpoints for the Chironomus riparius test are summarized in Table 10.
The following sections present the evaluation of the sediment toxicity testing results for
each test organism.

Hyalella Azteca Toxicity Test

The results of 42-day Hyalella azteca toxicity tests indicate significant effects on survival
at select stations within the SWMU 1/22 Wetland Complex (Table 9). Significantly
lower survival relative to reference samples was observed at stations SQT-01, SQT-03,
SQT-04, SQT-05, and SQT-06 for each survival endpoint evaluated; no test organisms
survived in toxicity tests containing sediment from SQT-03. Hyalella survival in samples
from SQT-02 was consistently near 64 percent for each endpoint, resulting in statistical
differences from reference samples at Day 28 and Day 35, but not at Day 42. Survival in
samples from SQT-07 and SQT-08 was not statistically different than reference samples
at any endpoint evaluated (Table 9).
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Significant sublethal effects represented as decreased biomass and juvenile production
per female amphipod were also observed in Hyalella test organisms at select stations
within the SWMU 1/22 Wetland Complex (Table 9). Biomass and juvenile production
endpoints were significantly lower in samples from SQT-02, SQT-03, SQT-04, SQT-05,
and SQT-06 for each endpoint evaluated. Samples from SQT-01 resulted in significantly
lower biomass at Day 42 relative to reference samples; however, biomass at Day 28 was
not statistically different than reference samples. Juvenile production in samples from
SQT-01 was not significantly different than reference samples. Biomass was
significantly lower in SQT-07 samples at Day 28 and Day 42; however, it is important to
note that SQT-07 biomass at Day 42 was greater than biomass observed in laboratory
control samples (Table 9). Biomass and juvenile production in Hyalella test organisms at
SQT-08 were not statistically different from reference samples at any endpoint evaluated
in the test.

Comparisons of 42-day Hyalella azteca survival endpoints to target metals concentrations
at SQT stations indicate potential exposure-response relationships for lead and selenium.
As illustrated in Figure 18, percent survival of Hyalella test organisms at Day 42
generally declined with increasing concentrations of lead and selenium. Statistically
significant decreases in percent survival relative to reference samples were observed
along the concentration gradient between stations SQT-07 and SQT-01, which contained
selenium concentrations of 33.2 mg/kg and 35.6 mg/kg, respectively and lead
concentrations of 224 mg/kg and 251 mg/kg, respectively. Significant decreases in
survival at SQT stations were not consistent with concentration gradients of other target
metals, including mercury (Figure 18). Concentrations of other target metals that resulted
in significant mortality in Hyalella exposures were lower than concentrations of the same
metals that did not result in significant mortality for the same endpoint.

Comparisons of sublethal endpoints from the 42-day Hyalella azteca test to target metals
concentrations at SQT stations indicate similar exposure-response relationships for lead
and selenium. Biomass and juvenile production per female amphipod at Day 42
generally declined with increasing concentrations of lead and selenium (Figures 19 and
20, respectively). Statistically significant decreases in biomass relative to reference
samples were observed along the concentration gradient between stations SQT-08 and
SQT-07, which contained selenium concentrations of 16.4 mg/kg and 33.2 mg/kg,
respectively and lead concentrations of 128 mg/kg and 224 mg/kg, respectively.
Statistically significant decreases in juvenile production per female amphipod relative to
reference samples were observed along the concentration gradient between stations SQT-
08 and SQT-01, which corresponds to selenium concentrations of 33.2 mg/kg and 35.6
mg/kg, respectively and lead concentrations of 224 mg/kg and 251 mg/kg, respectively.
Similar to survival results, significant sublethal effects were not consistent with
concentration gradients of other target metals, including mercury (Figures 19 and 20).
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Chironomus Riparius Toxicity Test

Chironomus riparius test organisms were less sensitive to chronic exposure to sediments
from the SWMU 1/22 Wetland Complex than were Hyalella azteca. As presented in
Table 10, Chironomus survival at Day 10 was statistically lower than reference survival
at only one station, SQT-03; none of the test organisms exposed to sediments from SQT-
03 survived to the Day 10 endpoint. Significant sublethal effects represented as biomass,
time to emergence, and percent emergence were also observed in Chironomus test
organisms in samples from SQT-03, SQT-04, and SQT-05. Day 10 biomass was
significantly lower in samples from SQT-03 (no surviving organisms) and SQT-05.
Time to emergence was significantly lower than reference samples at SQT-04 and SQT-
05; however, it is important to note that mean time to emergence in samples from both
stations exceeded the mean time of emergence for the laboratory control (Table 10). The
percent of Chironomus test organisms emerging was significantly lower at SQT-03; time
of Chironomus emergence was not statistically lower than reference samples for the
remaining SWMU 1/22 SQT stations (Table 10).

Similar to the results of the 42-day Hyalella azteca exposure, comparisons of chronic
Chironomus riparius survival endpoints to target metals concentrations at SQT stations
indicate potential exposure-response relationships for lead and selenium. As illustrated in
Figure 21, percent survival of Chironomus test organisms at Day 10 generally declined
with increasing concentrations of lead and selenium. Mean survival at SQT-05 was
lower than the range of standard error associated with reference survival; however,
survival at this station was not statistically lower than reference due the large standard
error associated with mean survival at SQT-05. The highest concentrations of selenium
and lead at which survival was not significantly lower than reference survival in
Chironomus exposures were 170 mg/kg and 2060 mg/kg, respectively. Concentrations of
other target metals were not associated with significant decreases in Chironomus

survival, as demonstrated by survival observed in samples from SQT-06. Samples at
SQT-06 contained maximum concentrations of cadmium, copper, mercury, and zinc, yet
Day 10 mean survival of Chironomus at SQT-06 (97.5 percent) was the maximum mean
survival observed in all test samples including the reference and laboratory control
samples (Table 10).

Comparisons of sublethal endpoints from the chronic Chironomus riparius test to target
metals concentrations at SQT stations indicate similar exposure-response relationships
for lead and selenium for biomass and no exposure-response relationship for percent
emergence. Day 10 biomass generally declined with increasing concentrations of lead
and selenium, with exposures to sediments at SQT-05 resulting in significantly lower
biomass relative to reference samples (Figures 22). Mean percent emergence of
Chironomus did not vary with target metal concentrations in sediment for stations other
than SQT-03. Mean percent emergence in samples representing the maximum
concentrations of cadmium, copper, mercury, zinc at (SQT-06) and lead and selenium
(SQT-05) were consistent with all other samples, including reference and laboratory
control samples (Figure 23; Table 10).
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8.1.2

Toxicity Testing Summary

The results of ex situ sediment toxicity testing based on 42-day Hyalella azteca and
chronic Chironomus riparius tests indicate toxicity to laboratory test organisms exposed
to sediments at several SQT stations within the SWMU 1/22 Wetland Complex. As
discussed in the preceding sections, Hyalella test organisms were more sensitive to
sediment exposure when compared to Chironomus exposures. Based on the combined
bioassay results, the most significant effects in lethal and sublethal endpoints were
observed in samples from SQT-03, which did not have any surviving organisms at any
survival endpoints in either test. For stations SQT-04 and SQT-05, significant lethal and
sublethal effects were observed in Hyalella exposures and sublethal effects were
observed in Chironomus exposures. In samples from stations SQT-01, SQT-02, and
SQT-06, significant lethal and sublethal effects were observed in Hyalella exposures;
however no significant differences in lethal or sublethal endpoints were observed relative
to reference samples in Chironomus tests. Exposures to sediment from SQT-07 resulted
in no significant reduction in survival and only minor decreases in biomass in Hyalella
testing; lethal and sublethal endpoints in Chironomus exposures from SQT-07 were not
statistically different than reference exposures. No significant differences in Hyalella or
Chironomus endpoints were observed in samples from SQT-08, indicating no toxicity to
test organisms at this station.

The incidence of lethal and sublethal endpoints in sediment toxicity tests was most
consistent with concentration gradients of selenium and lead. Differentiating between
selenium- and lead-associated effects in sediment toxicity tests based on bioassay results
is uncertain due to the strong correlation between the concentrations of these metals in
sediments from the SWMU 1/22 Wetland Complex. As discussed in Section 4.1.3, the
strongest relationship between target metals concentrations in sediments was observed
between selenium and lead (r = 0.973). Given the co-occurrence of these metals in
sediments, mitigation of the potential toxicity of one metal should simultaneously address
the potential toxicity of the other metal.

Weight-of-Evidence Sediment Quality Triad Assessment

The multiple lines-of-evidence in the SQT investigation were integrated into a weight-of-
evidence evaluation to assess benthic community impairment in the SWMU 1/22
Wetland Complex based on the framework for interpreting SQT data proposed by (Bay
and Weisberg, 2010).

As the first step in the weight-of-evidence evaluation, the response for each line-of-
evidence was assigned one of four response categories relative to reference conditions.
Table 26 summarizes the data used to assign response categories for each line-of-
evidence; a discussion of the various response categories is provided below:

56



Port Ewen, New York SWMU 1/22 Exposure Evaluation and Risk Characterization

O Sediment chemistry: The evaluation of exposure to target metals in sediments
was based on SEL-Que.n Values calculated for each station. SEL-Qpean vValues
were greatest at stations SQT-03, SQT-04, and SQT-06, ranging from 18.5 to
44.2; SEL-Qmean values for other SQT stations ranged from 5.2 to 12.1. Stations
with SEL-Qpean values greater than 15 (SQT-03, SQT-04, and SQT-06) were
classified as ‘high exposure’ for the sediment chemistry line of evidence; all other
SQT stations had SEL-Qean values between 5 and 15 and were classified as
‘moderate exposure’.

O Sediment toxicity testing: The results of sediment toxicity tests were assigned
response categories based on relative survival, as compared to reference stations,
for chronic Hyalella azteca exposures. As presented in Table 26, sediments from
stations SQT-03 and SQT-05 were highly toxic in Hyalella exposures relative to
reference; these stations were designated as ‘high toxicity’. Exposure to
sediments from stations SQT-01, SQT-04, and SQT-06 resulted in relative percent
survival values ranging from 30 to 51.7 percent; these stations were classified as
‘moderate toxicity’. Hyalella survival at Day 42 in sediments from stations SQT-
02, SQT-07, and SQT-08 were not statistically different than survival in reference
sediments; these stations were classified as ‘nontoxic’.

O Benthic community analyses: Disturbance or impacts to benthic invertebrate
communities were classified for each SQT station based on statistical
comparisons of metric values and relative comparisons of mean BAP index
values. As presented in Table 26, SQT-03 was classified as ‘high disturbance’
based on statistical differences in all metrics and lower BAP index values for the
June samples relative to reference stations. Stations SQT-04, SQT-05, and SQT-
06 were classified as ‘moderate disturbance’ based on statistical differences in
more than one community metric or lower mean BAP index values less than 1.0.
The mean BAP index value at station SQT-07 was greater than reference;
however, the station was classified as ‘low disturbance’ based on statistically
different metric values for three community metrics. Stations SQT-01, SQT-02,
and SQT-08 were classified as ‘reference’ based on the lack of statistical
differences in community metrics and mean BAP index values exceeding
reference stations.

As discussed in Section 7.1.1, the second step in the SQT framework proposed by Bay
and Weisberg (2010) includes the integration of the three lines of evidence to evaluate the
severity of biological effects and the potential for chemically-mediated effects. The
weight-of-evidence evaluation of the severity of biological effects and the potential that
those biological effects may be associated with exposure to concentrations of target
metals in sediments are presented in Table 27 and summarized below:
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O Classifying the Severity of Effects: Table 27A presents the integration of
sediment toxicity testing and benthic community lines-of-evidence to classify the
severity of biological effects. The severity of biological impacts was classified
based on the response classifications presented in Table 26 for each line-of-
evidence and the assessment framework presented in Table 21A. Station SQT-03
was classified as ‘high effect’ based on high community disturbance and high
toxicity. Stations SQT-04, SQT-05, and SQT-06 were classified as ‘moderate
effect’ based on moderate community disturbance and moderate to high toxicity.
Station SQT-01, SQT-02, and SQT-08 were classified as ‘unaffected’ based on
reference benthic community classification; stations SQT-02 and SQT-08 were
considered nontoxic, while SQT-01 was considered moderately toxic based on
chronic Hyalella exposures. SQT-07 was classified also classified as ‘unaffected’
based on low benthic community disturbance and nontoxic sediment toxicity tests
(Table 27A).

O Potential for Chemically Mediated Effects: Table 27B presents the integration
of sediment chemistry and sediment toxicity testing lines-of-evidence to evaluate
the potential for chemically-mediated biological effects. The potential for
chemically-mediated effects was classified based on the response classifications
for sediment chemistry and sediment toxicity testing presented in Table 26 and
the assessment framework presented in Table 21B. Stations SQT-03, SQT-04,
and SQT-06 were classified as ‘high potential’ for chemically-mediated effects
based on high exposure to sediment metals concentrations and moderate to high
toxicity. Stations SQT-01 and SQT-05 were classified as ‘moderate potential’
based on moderate exposure to metals concentrations in sediments and moderate
to high toxicity in sediment toxicity tests. Stations SQT-02, SQT-07, and SQT-08
were classified as ‘low potential’ for chemically-mediated effects based on
nontoxic responses in sediment toxicity tests, despite moderate exposure to target
metals in sediment.

Based on the classification of the severity of biological effects and the potential for
chemically-mediated effects, potential impacts to benthic invertebrate communities
associated with elevated concentrations of target metals in sediments were assessed for
each SWMU 1/22 SQT station. As presented in Table 27C, the final step of the weight-
of-evidence evaluation of the SQT lines-of-evidence classified SWMU 1/22 SQT stations
into four categories of relative impacts:
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Q Clearly Impacted: Stations SQT-03, SQT-04, and SQT-06 were classified as
‘clearly impacted’ based on moderate to high effects in community and toxicity
data and high potential for chemically-mediated effects (Table 27C). June benthic
community data at SQT-03 indicated a generally depauperate community
dominated by a single taxon (Chironomus sp.); no organisms were recovered from
benthic community samples collected in October from this station. Benthic
community metrics at SQT-04 and SQT-06 were indicative of impairment relative
to reference stations for the June and October sampling events. Toxicity tests
conducted using sediments from SQT-03 resulted in 100 percent mortality for
each survival endpoint. Toxicity testing based on sediments from SQT-04
resulted in significant lethal and sublethal effects to Hyalella and sublethal effects
to Chironomus; toxicity testing using sediments from SQT-06 resulted in lethal
and sublethal effects for Hyalella. SEL-Quean values for these stations ranged
from 18.5 (SQT-04) to 44.2 (SQT-06).

O Likely Impacted: Station SQT-05 was classified as ‘likely impacted’ based on
moderate severity of effects and moderate potential for chemically-mediated
effects (Table 27C). Benthic community metrics at SQT-05, including percent
dominant taxon, diversity, and percent model affinity, were indicative of
impairment relative to reference stations for the June sampling event. Toxicity
testing based on sediments from SQT-05 resulted in significant lethal and
sublethal effects to Hyalella and sublethal effects to Chironomus. The SEL-Qmean
at SQT-05 was 12.1.

Likely Unimpacted: Station SQT-01was classified as ‘likely unimpacted’ based
on the absence of biological effects (i.e., unaffected), despite moderate potential
for chemically-mediated effects. Benthic community metrics at SQT-01
consistently indicated benthic community condition that was comparable to or
better than reference metrics; BAP index values for these stations were
comparable to or greater than reference values for both benthic community
sampling events. Toxicity tests for SQT-01 indicated moderate toxicity to
Hyalella, but no significant effects for Chironomus. The SEL-Qpean for SQT-01
was 10.1.

O Unimpacted: Stations SQT-02, SQT-07, and SQT-08 were classified as
‘unimpacted’ based on the absence of biological effects (i.e., unaffected) and low
potential for chemically-mediated effects. Benthic community metrics at SQT-02
and SQT-08 consistently indicated benthic community condition that was
comparable to or better than reference metrics; BAP index values for these
stations were comparable to or greater than reference values for both benthic
community sampling events. Chronic Hyalella and Chironomus toxicity testing
based on sediments from SQT-08 did not result in statistically significant
differences relative to reference samples for any lethal or sublethal endpoints;
toxicity testing of sediments from SQT-02 resulted only in significant sublethal
effects for Hyalella. Biological effects were not observed in site-specific benthic
invertebrate community and toxicity testing data, despite elevated concentrations
of target metals in sediments. SEL-Qpean values for SQT-02 and SQT-08 were
5.2 and 7.7, respectively.
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8.2

8.2.1

Station SQT-07 was classified as ‘unimpacted’ based on low disturbance in
benthic community data, nontoxic survival endpoints in chronic toxicity testing,
and, moderate exposure; these classifications resulted in an absence of biological
effects and a low potential for chemically-mediated effects (Table 27C). BAP
index values for SQT-07 were comparable to or greater than reference for both
community sampling events; however, metric values for percent dominant taxon,
diversity, and percent model affinity were significantly lower than reference due
to the numerical dominance of the isopod Caecidotea sp. at this station, which
results in a higher present dominance and lower diversity. The dominance of
Caecidotea sp. at this station is consistent with the presence of a thick, organic
Phragmites root mat at the surface of the sediment. No significant effects were
observed in chronic endpoints evaluated in Hyalella or Chironomus exposures;
significant effects in toxicity tests were limited to a slight reduction in biomass in
the Hyalella exposure. Given that benthic invertebrate community structure was
influenced significantly by the nature of the substrate and significant lethal effects
were not observed in sediment toxicity testing, station SQT-07 was classified as
‘unimpacted’.

Fish Community Exposure

The following sections present the exposure evaluation for the fish community in the
SWMU 1/22 Wetland Complex based on the evaluation of surface water data, the
findings of the fish presence absence survey, and comparisons of mercury concentrations
in fish tissue to a conservative tissue residue benchmark for mercury.

Surface Water Direct Contact Exposure

Direct contact surface water exposure to fish inhabiting the SWMU 1/22 Wetland
Complex is not likely to result in adverse ecological effects. As presented in Section
4.3.2, concentrations of target metals in filtered surface water samples were below
chronic NYSDEC SWQS, which are derived for the protection of aquatic life (Table 12).
Comparisons of SWQS values for hardness-dependent metals (cadmium, copper, lead,
zinc, etc.) were conservatively based on the lowest hardness value measured in the
surface water dataset. Based on these sampling results, chronic exposure to metals in
surface water is not likely to result in adverse effects to the fish community within the
SWMU 1/22 Wetland Complex.
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8.2.2

8.2.3

Community Evaluation

The results of the qualitative fish presence/absence survey conducted in the SWMU 1/22
Wetland Complex do not indicate degradation consistent with elevated metals
concentrations in sediment. As described in Section 4.4.2, only three taxa were collected
from sampling reaches upstream, within, and downstream of the SWMU 1/22 Wetland
Complex. Golden shiner was numerically dominant taxon and the only taxon collected in
each sampling reach. Other than one largemouth bass collected upstream of SWMU
1/22, there were no differences in the fish collected within the SWMU 1/22 Wetland
Complex and the fish collected in the upstream reach. The presence of American eel in
the downstream sampling reach is likely a function of upstream migration from
tributaries hydrologically connected to the Hudson River, including Rondout Creek and
the tributary draining the SWMU 1/22 Wetland Complex.

The composition of the fish community upstream, within, and downstream of the SWMU
1/22 is likely influenced by the availability of open water habitat and physicochemical
conditions in the wetland. The dominance of golden shiner is consistent with the limited
open water habitat available in the SWMU 1/22 Wetland Complex. Golden shiner, one
of the largest and most abundant cyprinids in the State of New York, is a warmwater
species that typically occurs in medium to large streams of low to moderate gradient, and
in swamps, ditches, sloughs, ponds, lakes, and reservoirs (Smith, 1985; Jenkins and
Burkhead, 1993). The occurrence of golden shiner is usually associated with abundant
vegetation (Smith, 1985; Jenkins and Burkhead, 1993). Golden shiner is also tolerant of
persistent high temperatures, having one of the highest lethal temperature tolerances of
any indigenous North American fish, near 40°C (Jenkins and Burkhead, 1993). Based on
the ability of golden shiner to tolerate and proliferate in habitats similar to the SWMU
1/22 Wetland Complex, it is likely that the dominance of this species is limited by habitat
availability in the wetland.

Mercury Tissue Residue Evaluation

As discussed in Section 7.1.2, potential mercury-associated impacts to the fish
community were evaluated based on comparisons of measured tissue concentrations to a
conservative tissue residue benchmark protective of juvenile and adult fish. As depicted
in Figure 24, whole body fish tissue samples (wet weight) were less than a tissue residue
benchmark of 210 ng/g wet weight established by Beckvar et al. (2005). All fish tissue
samples collected upstream, within, and downstream of the SWMU 1/22 Wetland
Complex were less than half of the threshold concentration. Based on this comparison, it
is not likely that mercury is accumulating in tissues at concentrations associated with
adverse ecological effects to individual fish. Therefore, community-level impacts due to
mercury are not likely in the SWMU 1/22 Wetland Complex or the downstream sampling
reach.
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8.3

8.3.1

Semi-Aquatic Wildlife Exposure

Exposure to semi-aquatic wildlife potentially foraging in the SWMU 1/22 Wetland
Complex was evaluated using site-specific tissue data and simplified dose rate models
(Section 7.1.3). The following sections summarize the output of the models for the two
exposure scenarios evaluated for the SWMU 1/22 Wetland Complex:

O Maximum Area Use Exposure; and
O Area Use Adjusted Exposure.

A complete description of the modeling approach is presented in Appendix D; detailed
model calculations are presented in Appendix E.

Maximum Area Use

The following sections present the exposure evaluation for semi-aquatic wildlife based on
a maximum area use scenario, which conservatively assumes that individual semi-aquatic
wildlife receptors forage exclusively within the defined exposure area within the SWMU
1/22 Wetland Complex their entire life span. Table 28 presents HQs calculated based on
comparisons of modeled doses for the maximum area use scenario to NOAEL and
LOAEL TRVs (Appendix E). A summary of maximum area use exposure is presented
below by receptor (Table 28):

O Belted kingfisher: Estimated doses based on the ingestion of forage fish
exceeded NOAEL TRVs for methylmercury (HQnoagL=3) and selenium
(HQnoagL=2.3); the estimated dose of selenium slightly exceeded the LOAEL
(HQroagL=1.1). Estimated doses of all other target metals were less than NOAEL
doses (HQNQAEL<1).

Q Great blue heron: Estimated doses based on the ingestion of forage and
piscivorous fish were comparable to NOAEL TRVs for methylmercury
(HQnoagL=1.1) and selenium (HQnoar=1.0); no doses exceeded the LOAEL
TRV. Estimated doses of all other target metals were less than NOAEL doses

(HQnoarr<1).

O Mallard: Estimated doses for mallards foraging for aquatic life stage
invertebrates exceeded NOAEL TRVs for copper (HQnoagL=2.4) and selenium
(HQnoagL=2.5); estimated doses of copper (HQLoarL=1.3) and selenium
(HQroagL=1.3) slightly exceeded LOAEL doses. Estimated doses of all other
target metals were less than NOAEL doses (HQnoar1<1).

O Tree swallow: Estimated doses based on the ingestion of emergent life stage
invertebrates exceeded NOAEL TRVs for copper (HQnoagL=5.7), mercury
(HQnoagL=1.3), methylmercury (HQnoagL=4.4), and selenium (HQnoap =10.5);
estimated doses of copper (HQroar1=3.2), methylmercury (HQroar1=1.5), and
selenium (HQppap =5.3) exceeded LOAEL doses. Estimated doses of cadmium,
lead, and zinc were less than NOAEL doses (HQnoagri<1).
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O Indiana bat: Estimated doses to Indiana bat foraging on emergent life stage
invertebrates exceeded NOAEL TRVs for methylmercury (HQnoarr=1.9), and
selenium (HQnoar =7.6); estimated doses of selenium (HQoap1=4.6) exceeded
LOAEL doses. Estimated doses of cadmium, lead, and zinc were less than
NOAEL doses (HQNOAEL<1)-

O Mink: Estimated doses based on the ingestion of forage and piscivorous fish
slightly exceeded the NOAEL TRV for methylmercury (HQnoagL=1.4), but did
not exceed the LOAEL TRV. Estimated doses of all other target metals were less
than NOAEL doses (HQnoarL<1).

O Raccoon: Estimated doses for raccoons foraging on aquatic life stage
invertebrates, forage fish, and piscivorous fish exceeded NOAEL TRVs for
copper (HQnoagL=1.2) and selenium (HQnoar1=3.2); the estimated dose of
selenium (HQ oarr=2) slightly exceeded the LOAEL dose. Estimated doses of
all other target metals were less than NOAEL doses (HQnoagL<1).

8.3.2 Adjusted Area Use

The conservative assumptions of the maximum area use exposure evaluation presented in
the preceding section were revised to enable a more realistic and site-specific evaluation
of potential risk. The adjusted area use exposure scenario quantifies exposure based on
the proportion of the time that a receptor is likely to forage within the exposure area as a
function of its total foraging range. Area use-adjusted doses were calculated for each
receptor with the exception of belted kingfisher, tree swallow, and mink. Foraging areas
for these receptors are smaller than the exposure area; therefore, it is possible for
individual receptors to forage within the exposure area for their entire life span.
Therefore, the exposure calculations for these receptors conservatively assumed
maximum area use. The results of the adjusted area use exposure evaluation are
summarized in Table 28 and presented below:

O Belted kingfisher: Estimated doses were based on the maximum area use as
described above.

O Great blue heron: Area use adjusted doses based on the ingestion of forage and
piscivorous fish were less than NOAEL doses for target metals (HQnoagL<1).

O Mallard: Area use adjusted doses for mallards foraging for aquatic life stage
invertebrates were less than NOAEL doses for target metals (HQnoagr<1).

Q Tree swallow: Estimated doses were based on the maximum area use as
described above.

O Indiana bat: Area use adjusted doses to Indiana bat foraging on emergent life
stage invertebrates were less than NOAEL doses for target metals (HQnoagL<1).

O Mink: Estimated doses were based on the maximum area use as described above.

O Raccoon: Area use adjusted doses for raccoons foraging on aquatic life stage
invertebrates, forage fish, and piscivorous fish were less than NOAEL doses for
target metals (HQnoagL<1).
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8.4

8.4.1

Risk Characterization

The results of the exposure evaluation indicate that the greatest potential risk in the
SWMU 1/22 Wetland Complex is associated with benthic invertebrate exposure to
sediments containing elevated concentration of target metals. Characterization of
potential risks is provided by each receptor category in the following sections.

Benthic Invertebrate Community

As summarized in Section 8.1.2, the SQT weight-of-evidence evaluation identified the
greatest impacts to benthic invertebrate communities at stations in closest proximity to
SWMU 22. The most severe benthic community impacts were identified at station SQT-
03, which contained a depauperate benthic community and acutely toxic sediments in
both sediment toxicity tests. Near bottom water quality measurements at SQT-03
indicate low pH conditions (pH = 3.3 and 1.44 in June and October, respectively); low
alkalinities in overlying water in sediment toxicity test chambers from SQT-03 are
consistent with the low pH conditions observed in the field (Appendix B). Benthic
communities at stations SQT-04, SQT-05, and SQT-06 were considered moderately
impacted based on benthic community impairment and significant lethal and sublethal
effects in sediment toxicity tests relative to reference stations. The greatest
concentrations of target metals in sediments were generally observed at these stations,
indicating that elevated concentrations of metals in sediments are a likely source of
impairment to the benthic invertebrate community.

Benthic invertebrate communities were unimpacted or likely unimpacted at stations with
increasing distance from SWMU 22. Benthic communities were considered likely
unimpacted at station SQT-01 and unimpacted at SQT-02, SQT-07, and SQT-08. The
condition of benthic invertebrate communities at stations SQT-01 and SQT-02 was
equivalent to or exceeded community condition in reference samples, despite significant
effects in Hyalella toxicity tests. Benthic community metrics at SQT-07 were influenced
by the high relative abundance of a detritivorous isopod exploiting large quantities of
organic root material present at the station; toxicity testing of sediments at SQT-07
indicated only minor reductions in Hyalella biomass that were not significantly lower
than control samples. No impacts were identified in benthic community analyses or
sediment toxicity testing at SQT-08, the station furthest from SWMU 22. Based on the
weight-of-evidence evaluation for these stations, exposures to benthic invertebrate
receptors are not likely to result in impacts that would affect community structure or
function.
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8.4.2

8.4.3

The lack of benthic community impacts at stations SQT-01, SQT-02, SQT-07, and SQT-
08 indicates that the elevated concentrations of metals in sediments are not present in
forms that are toxic to invertebrates. Benthic invertebrate community exposure to metals
at these stations was considered moderate, with mean SEL-Q values ranging from 5.2
(SQT-02) to 10.2 (SQT-07). The lack of impacts identified in benthic community
analyses and sediment toxicity testing resulting from the exposure to metals in sediments
is likely attributed to the binding of divalent metals, particularly copper, lead, and zinc, to
organic carbon, sulfides, or other ligands in sediment that mitigate bioavailability and
toxicity (USEPA, 2007b; USEPA, 2005; Di Toro et al., 2005; Ankley et al., 2006;
Hansen et al., 1996; Ankley et al., 1991; Di Toro et al., 1992; and Luoma, 1989).

Fish Community

Exposure of fish to target metals in the SWMU 1/22 Wetland Complex is not likely to
result in adverse community-level effects. As demonstrated in the exposure evaluation,
direct contact exposure (gill absorption) to target metals in surface water is not likely to
result in adverse effects to fish or other aquatic life. Furthermore, potential exposure to
methylmercury has not resulted in fish from the site accumulating mercury in exceedance
of the tissue residue benchmark protective of juvenile and adult fish. Nor were levels in
site fish greater than in fish collected upstream from the site.

The results of the fish tissue presence/absence survey are consistent with the evaluation
of surface water and tissue exposure evaluations. The fish presence/absence survey
indicated similar fish taxa in areas with elevated concentrations of target metals relative
to upstream areas without elevated sediment concentrations. The findings of limited taxa
and the dominance of golden shiner observed in the presence/absence survey are
consistent with the lack of open water habitat. While it is acknowledged that the absence
of other fish taxa may not be definitively explained by habitat limitations alone, the
evaluation of direct contact surface water exposure and mercury bioaccumulation do not
indicate exposure related impacts to the fish community. Based on these combined lines
of evidence, adverse effects to the fish community in the SWMU 1/22 Wetland Complex
are not likely.

Semi-Aquatic Wildlife Community

Potential risks to wildlife exposed to target metals in the SWMU 1/22 Wetland Complex
are limited to receptors that forage exclusively within the exposure area. As presented in
the exposure evaluation (Section 8.3.2), area use adjusted doses were lower than NOAEL
TRVs for great blue heron, mallard, Indiana bat, and raccoon, which forage outside the
exposure area as a portion of their total foraging range (Table 28). Of the receptors
assumed to forage exclusively within the exposure area (belted kingfisher, tree swallow,
mink), the greatest potential risk was identified for tree swallow. Estimated doses for tree
swallow exceeded NOAEL TRVs for copper, mercury, methylmercury, and selenium and
LOAEL TRVs for methylmercury, copper, and selenium (Table 28). Estimated doses to
belted kingfisher exceeded NOAEL TRVs for methylmercury and selenium; the
estimated dose of selenium to mink slightly exceeded the NOAEL TRV.
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The potential for adverse effects to tree swallow populations is highly uncertain due to
the estimation of target metal concentrations in emergent insects. As discussed in detail
in Appendix D, concentrations of target metals in emergent insects were estimated based
on measured concentrations in aquatic life stage invertebrates. Correction factors were
applied to aquatic life stage tissue concentrations to account for the shedding or
concentrating of metal body burden during the metamorphosis of larval/nymph stages to
adult stages. Uncertainty associated with these correction factors greatly influences the
exposure point concentration and resultant dose estimation.

Potential risks to belted kingfisher and mink foraging exclusively within the SWMU 1/22
Wetland Complex are not likely to result an adverse population-level effects based on
limited the exceedance of LOAEL doses. Estimated doses to belted kingfisher exceeded
NOAEL TRVs for methylmercury and selenium; however, estimated doses were
comparable to or below LOAEL TRVs. The estimated dose to mink foraging exclusively
within the exposure area slightly exceeded the NOAEL TRV for selenium
(HQnoagL=1.4), but did not exceed the LOAEL.
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9.0 ACTIVE PLANT EXPOSURE EVALUATION

9.1

As discussed in Section 7.2, the terrestrial exposure evaluation in the Active Plant Area
focused on potential risks to wildlife receptors that potentially forage on small mammals
and earthworms along the margins of the facility. Terrestrial wildlife exposure was
evaluated for the following scenarios based on the sampling design described in Section
5.1:

O Northern sampling grids: maximum area use exposure;
Q Southern sampling grids: maximum area use exposure; and

O Northern and Southern sampling grids: maximum area use and adjusted area use
exposure for long-ranging receptors (red-tailed hawk and red fox).

The following sections present the results of the terrestrial exposure evaluation conducted
in the Active Plant Area of the Site.

Terrestrial Wildlife Exposure — Northern Grids

The terrestrial exposure evaluation for the Northern grids incorporated soil, earthworm,
and small mammal data collected from the three (3) northern sampling grids into the dose
rate model for terrestrial wildlife (Figure 10). The following sections present the
exposure evaluation for terrestrial wildlife based on a maximum area use scenario in the
Northern sampling grids. Table 29 presents HQs calculated based on comparisons of
modeled doses for the maximum area use scenario to NOAEL and LOAEL TRVs
(Appendix E). A summary of maximum area use exposure is presented below by
receptor (Table 29):

O American robin: Estimated doses associated with foraging for earthworms
exceeded NOAEL TRVs for cadmium (HQnoarL=1.8), lead (HQnoarL=3), and
selenium (HQnoar1=46.8); the estimated dose of selenium exceeded the LOAEL
(HQroaeL=23.4). Estimated doses of all other target metals were less than
NOAEL doses (HQnoagr<1).

O Red-tailed hawk: Estimated doses based on the ingestion of small mammals
exceeded the NOAEL and LOAEL TRVs for selenium (HQnoag1=42.4 and
HQro0ar1=21.2) and slightly exceeded the NOAEL for zinc (HQnoag1=1.5).
Estimated doses of all other target metals were less than NOAEL doses

(HQnoarr<1).

Q Short-tailed shrew: Estimated doses associated with foraging for earthworms
exceeded NOAEL TRVs for cadmium (HQnoag =2.8) and selenium
(HQnoagL=103.6); the estimated dose of selenium exceeded the LOAEL
(HQroapL=62.8). Estimated doses of all other target metals were less than
NOAEL doses (HQnoagi<1).
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9.2

9.3

9.3.1

O Red fox: Estimated doses based on the ingestion of small mammals exceeded the
NOAEL and LOAEL TRVs for selenium (HQnoaeL=34.5 and HQroar1=20.9).
Estimated doses of all other target metals were less than NOAEL doses

(HQnoarr<1).

Terrestrial Wildlife Exposure — Southern Grids

The following sections present the exposure evaluation for terrestrial wildlife based on a
maximum area use scenario in the Southern sampling grids. Table 30 presents HQs
calculated based on comparisons of modeled doses for the maximum area use scenario to
NOAEL and LOAEL TRVs (Appendix E). A summary of maximum area use exposure
is presented below by receptor (Table 30):

O American robin: Estimated doses associated with foraging for earthworms
exceeded NOAEL TRVs for lead (HQnoagL=3.7), and selenium (HQnoap =14.5);
the estimated dose of selenium exceeded the LOAEL (HQroag1=7.2). Estimated
doses of all other target metals were less than NOAEL doses (HQnoagr<1).

O Red-tailed hawk: Estimated doses based on the ingestion of small mammals
were less than NOAEL doses (HQnoag <1).

Q Short-tailed shrew: Estimated doses associated with foraging for earthworms
exceeded NOAEL TRVs for lead (HQnoag=1.1) and selenium (HQnoar =64.6);
the estimated dose of selenium exceeded the LOAEL (HQ0ag1=39.2). Estimated
doses of all other target metals were less than NOAEL doses (HQnoagr<1).

O Red fox: Estimated doses based on the ingestion of small mammals were less
than NOAEL doses (HQnoarL<1).

Terrestrial Wildlife Exposure — Northern and Southern Grids

Exposure to terrestrial wildlife potentially foraging within the Active Plant Area was
evaluated using the combined exposure data collected from the six (6) sampling grids at
the margins of the facility. The following sections summarize the output of the models
for the two exposure scenarios evaluated for the Active Plant Area:

O Maximum Area Use Exposure; and
O Area Use Adjusted Exposure.

A complete description of the modeling approach is presented in Appendix D; detailed
model calculations are presented in Appendix E.

Maximum Area Use

The following sections present the exposure evaluation for long-ranging terrestrial
wildlife based on a maximum area use scenario for the Northern and Southern sampling
grids. Table 31 presents HQs calculated based on comparisons of modeled doses for the
maximum area use scenario to NOAEL and LOAEL TRVs (Appendix D). A summary
of maximum area use exposure is presented below by receptor (Table 31):
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O Red-tailed hawk: Estimated doses based on the ingestion of small mammals
exceeded the NOAEL and LOAEL TRVs for selenium (HQnoar1 =16 and
HQro0ar1=8). Estimated doses of all other target metals were less than NOAEL
doses (HQnoagL<1) except for zinc which was HQnoagr=1.1.

O Red fox: Estimated doses based on the ingestion of small mammals exceeded the
NOAEL and LOAEL TRVs for selenium (HQnoaer=12.7 and HQroar1=7.7).
Estimated doses of all other target metals were less than NOAEL doses
(HQnoarr<1).

9.3.2 Adjusted Area Use

9.4

The following sections present the exposure evaluation for long-ranging terrestrial
wildlife based on an adjusted area use scenario in the Northern and Southern sampling
grids. Table 31 presents HQs calculated based on comparisons of modeled doses for the
maximum area use scenario to NOAEL and LOAEL TRVs (Appendix D). A summary
of maximum area use exposure is presented below by receptor (Table 31):

O Red-tailed hawk: Estimated doses based on the ingestion of small mammals
exceeded the NOAEL and LOAEL TRVs for selenium (HQnoag1=2.9 and
HQroar1=1.4). Estimated doses of all other target metals were less than NOAEL
doses (HQNQAEL<1).

O Red fox: Estimated doses based on the ingestion of small mammals exceeded the
NOAEL and LOAEL TRVs for selenium (HQnoag1=7.3 and HQ oag1=4.5).
Estimated doses of all other target metals were less than NOAEL doses
(HQnoaer<1).

Risk Characterization

The results of the terrestrial exposure evaluation at the margins of the Active Plant Area
indicate that the greatest potential risk to terrestrial wildlife is associated with exposure to
selenium. Estimated doses of selenium calculated based on measured concentrations in
earthworm and small mammal tissue exceeded NOAEL and LOAEL TRVs for both long-
ranging and short-ranging receptors. Estimated doses of other target metals including
cadmium, lead, and zinc, resulted in relatively minor exceedances of NOAEL TRVs;
estimated doses for these metals were below LOAEL TRVs for all receptors. Based on
these findings, selenium exposure represents the greatest potential risk to wildlife at the
margins of the Active Plant Area.

Potential risks associated with selenium exposure to wildlife are greatest in the northern
grids. As discussed in Section 5.1.2, selenium accumulation in earthworm and small
mammal tissues was greater in the northern grids relative to the southern grids. Selenium
accumulation in earthworm and small mammal tissues was particularly high in samples
from grids N1 and N3 in the northern plant area and resulted in elevated EPCs for
earthworms and small mammals in the dose rate models. As a result of these elevated
EPCs the estimated doses exceeded LOAEL TRVs for each receptor based on maximum
area use exposure.
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Potential risks to wildlife in the southern grids are limited to low-level, short-ranging,
secondary consumers that forage on earthworms. Estimated doses to American robin and
short-tailed shrew based on measured concentrations of selenium in earthworms
exceeded LOAEL TRVs; HQs based on maximum use exposure to American robin and
short-tailed shrew were substantially lower than HQs in the northern grids. Estimated
doses to long-ranging receptors did not exceed NOAEL TRVs based maximum area use
foraging within the southern grids.

Calculations based upon estimated doses of selenium to top-tier, long-ranging wildlife
foraging throughout the Active Plant Area (both the northern grids and the southern
grids) indicate the potential for adverse effects from selenium based on LOAEL doses.
Maximum area use exposure to measured concentrations of selenium in small mammal
tissues resulted in HQpoagr values of 8 and 7.7 for red-tailed hawk and red fox,
respectively; however, based on area use adjusted exposure, these HQ oarr values are
reduced to 1.4 and 4.5 for red-tailed hawk and red fox, respectively.

As stated above, elevated concentrations of selenium in small mammal tissues from grids
N1 and N3 bias high the estimated doses used to represent exposure to top-tier wildlife
foraging throughout the Active Plant Area. For example, the UCLys used as the EPC for
small mammal tissue from the combined northern and southern grids was 82.9 mg/kg dw.
Removing the elevated samples from grids N1 and N3 reduced the EPC to 3.2 mg/kg dw
based on the UCLys. By comparison, the small mammal tissue EPC that resulted in doses
below NOAEL TRVs for red-tailed hawk and red fox based on maximum area use was in
the southern grids was 4.0 mg/kg dw. Based on this analysis, excluding the elevated
small mammal tissue from the N1 and N3 grids would reduce exposure to red-tailed
hawk and red fox foraging throughout the Site to doses below NOAEL TRVs.

Elevated selenium concentrations in biota sampled in grids N1 and N3 were coincident
with the presence of several burning areas in this region of the Site (Figure 10). Grid N1
contained three open burning areas (SWMUs 6, 7, and 8) and several additional burning
areas were located immediately to the south of grid N1 (SWMUs 2, 3, 4, and 5). The
Burnable Waste Satellite Accumulation Area (SWMU 26G) was nearly completely
contained within SWMU 26G. Although uncertain, the combustion of off-specification
and waste materials in these burning areas may be associated with elevated
concentrations of selenium in biota.

The overall characterization of risks to wildlife associated with exposure to selenium is
uncertain due to a limited site-specific understanding of selenium speciation within the
soils and tissues of dietary items. The specific mechanisms influencing selenium
bioaccumulation in biota within the N1 and N3 grids are uncertain. As previously stated,
bioaccumulation relationships between soil and earthworms were highly variable
(Section 5.1.2). The variability in bioaccumulation relationships may be associated with
the confounding and potentially variable influence of particle-sorbed selenium in the gut
tract of the non-depurated earthworms, which may not accurately represent selenium
incorporated into earthworm tissues. Furthermore, total selenium analyses in soil do not
accurately represent the relative bioavailability of the various selenium species that may
be present in soils.
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Differences in selenium species within tissues of dietary items also confound the
characterization of risk. TRVs for avian and mammalian receptors were based on
selenium doses administered as selenomethionine and potassium selenate, respectively
(Heinz et al., 1989; Rosenfeld and Beath, 1954). The relative toxicity of selenium
species generally follows from most to least toxic: hydrogen selenide ~
selenomethionine (in diet) > selenite ~ selenomethionine (in water) > selenate >
elemental selenium ~ metal selenides ~ methylated selenium compounds (Irwin et al.,
1998). Given the relative toxicities of selenium, understanding the relative
concentrations the different selenium species in dietary items is necessary to accurately
characterize the receptor dose. For example, in the aquatic environment Fan et al. (2002)
determined that the relatively toxic form selenomethionine was approximately 30 percent
of the total selenium in biological tissues in several trophic levels. Since the avian TRV
is based on a dose administered as selenomethionine, direct comparison of estimated
doses to this TRV assumes that the receptor dose is 100 percent selenomethionine. This
assumption likely overestimates the proportion of selenomethionine in the receptor diet.
Speciation of selenium in the tissues of dietary items would reduce the uncertainty
associated with risk characterization.
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10.0 UNCERTAINTY ANALYSIS

An uncertainty analysis was performed to identify assumptions and procedures that may
result in either an upward or a downward bias in the estimation of exposure or the
characterization of risk. Assumptions and other factors that tend to overestimate,
underestimate, or have an unknown effect on the findings of the FWIA are presented
below with a discussion of their uncertainty. Discussions of uncertainty are organized by
three relevant phases of the FWIA with inherent uncertainty: sample design/data quality,
exposure evaluation, and risk characterization.

10.1 Sampling Design/Data Quality

The following uncertainties were identified relating to sample design/data quality issues.

10.1.1 Sampling Density

Sufficient sampling density is necessary to provide a representative estimate of exposure
to site-related constituents. Misrepresentation of exposure results in uncertainty, which
may lead to an overestimation or underestimation of risk. In this FWIA, the location and
number of soil, sediment, surface water, and biological samples were determined
considering historic data to provide a representative dataset to characterize exposure.
Areas not previously characterized, including the sediments in the site drainage channels,
sediments downstream of the SWMU 1/22 Wetland Complex, and soils at the SWMU 35
perimeter, were sampled at a sufficient density relative to the size of the each area. The
number and location of sampling points were selected in consultation with DFWMR
during the development of the Work Plan and subsequent discussions regarding specific
areas of the Site (e.g., downstream sediment characterization). Based on sampling
density, uncertainties associated with sampling design should have minimal influence on
FWIA conclusions.

While sufficient sediment sampling densities were incorporated into the FWIA Step 1IC
study design to provide a realistic estimate of potential site risk, additional sediment
sampling may be needed to characterize metals distributions with sufficient resolution to
support remedial decision-making or design. Metals in sediments may be concentrated
along flow paths within the SWMU 1/22 Wetland Complex. Further characterization of
these migration pathways, particularly downgradient of the SWMU 22, may better define
areas of sediment impacts.

10.1.2 Data Quality

Data quality assurance/quality control (QA/QC) procedures for the FWIA Step 1IC
investigations were conducted in accordance with the approved Work Plan (URS 2010).
QA/QC samples were collected at the prescribed frequencies and sample handling and
chain of custody procedures were implemented as specified in Section 6.0 of the Work
Plan.
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10.2

Analytical data received from the laboratory were validated according to the procedure
outlined in the Site-Wide Quality Assurance Project Plan (URS, 2010). Laboratory data
were validated to determine conformance with the analytical method at a frequency of
one data package for each sample matrix. Data validation was conducted using the
USEPA document: SOP HW-2: Evaluation of Metals Data for the Contract Laboratory
Program based on SOW — ILM05.3 (September 2006, Rev. 13). Data validation reports
for each matrix are included in Appendix F.

The data validation process for FWIA Step IIC investigations identified one major
deficiency affecting field data. One matrix spike/spike duplicate (MS/SD) sample
associated with earthworm tissue (PE-N3-EWTIS-COMP-05) did not recover (i.e., 0%)
for mercury; the associated sample results were qualified as “R”, for rejected. The matrix
interference with this sample resulted in the rejection mercury results reported for six
composite earthworm samples from the dataset.

One significant event occurred during the FWIA Step IIC field investigation that had the
potential to influence data quality. Two sample coolers containing sediment samples that
were shipped via overnight courier were delayed by approximately 24 hours. The sample
coolers were received by Test America at temperatures (between 12 and 13 degrees C)
exceeding guidance of 4 +/-2 degrees C. Because the sediment samples were being
analyzed for parameters that would not be affected by temperature (total recoverable
metals, grain size, TOC), the URS chemist qualified the results as estimated (J or UJ).
The circumstances associated with the sample coolers were communicated to DFWMR
via email. DFWMR concurred that the data would be usable in the FWIA as qualified
data (M. Crance, email communication).

Exposure Evaluation

Elements of uncertainty associated with the exposure evaluation include:

10.2.1 Toxicity of Metals Mixtures

The lack of appropriate toxicological information to characterize effects of multiple
chemicals acting jointly may overestimate or underestimate risk. Chemicals may act in
an additive, antagonistic, or synergistic manner when contacted directly or ingested by
wildlife. The extent to which different chemical classes interact to affect toxicity is not
known, and represents an uncertainty in the evaluation.

10.2.2 Mercury-Selenium Antagonism

The bioavailability and toxicity of selenium and mercury in sediment and soil represents
uncertainty because mercury and selenium commonly interact in the environment due to
their affinity for each other and similar biogeochemical cycling. The interactions are
generally referred to as a mercury-selenium antagonism. In the mercury-selenium
antagonism, selenium is known to limit the uptake of mercury by a wide variety of
organisms, and reduce mercury toxicity in birds and mammals.

Selenium has been found to confer resistance to the toxic effect of mercury in all
investigated species of mammals, birds, and fish (Ralston and Raymond 2010 and
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references therein). The effect was first noticed in laboratory animals, where rats injected
with selenite and mercuric chloride had lower mortality than rats injected with mercuric
chloride alone (Parizek and Ostadalova, 1967). There are several proposed mechanisms
for antagonism within biological systems, including the formation of insoluble mercury
selenide (HgSe) (Yang et al., 2008), and supplying additional selenium to continue the
synthesis of selenoproteins in target tissue (e.g., brain; Ralston and Raymond, 2010).

The role of selenium in mediating mercury uptake and, presumably, toxicity in ecological
systems is most widely studied in aquatic systems. Several studies have observed
declines in fish tissue mercury concentrations after the addition of selenite (Rudd et al.,
1980; Rudd and Turner, 1983a, 1983b; Turner and Rudd, 1983; Turner and Swick, 1983;
Paulsson and Lundbergh, 1991), or selenite rich loads of total selenium in surface water
(Southworth et al., 2000). In each of these studies, significant declines in mercury
concentrations in fish tissue or mercury assimilation rates were observed. These results
have been replicated in systems with selenium gradients resulting from the distance to
coal deposition of combustion (e.g., coal or metal smelters), where inverse trends
between mercury and selenium have been established in organisms from a variety of
trophic levels (Speyer, 1980; Chen et al., 2001; Belzile et al., 2006; Sackett et al., 2010).

There is also support that the selenium-mercury antagonism may occur in terrestrial
environments, particularly in plant uptake of mercury. Amending soil with selenium
decreased the uptake of mercury by the roots of radish (Raphanus sativus) plants
(Shanker et al., 1996a) and tomato plants (Shanker et al., 1996b), due to the formation of
relatively insoluble Hg-Se species in soil. Further research has indicated that mercury
may form a complex with a selenoprotein in the root fraction, which prevents
translocation to other parts of the plant (Afton and Caruso, 2009). The effect of selenium
on plant uptake and the potential for added selenium to form strong, insoluble complexes
with mercury has led to proposals to use selenium amendments to soil to reduce mercury
bioavailability in soil and in receiving waters (Yang et al., 2008). It is also possible that
co-occurring concentrations of selenium and mercury in soil may, in effect, lead to
decreased uptake of both mercury and selenium in plant tissues.

10.2.3 Identification of Causal Relationships in Sediment Toxicity Testing

Identifying causal relationships between toxic effects observed in sediment toxicity tests
and concentrations of individual target metals may be confounded by numerous factors.
Test organisms may be affected by the mixture of metals present in sediment samples,
which may result in antagonistic or synergistic effects on toxicity. In addition to
chemical stressors, differences in sediment matrices that influence microhabitats directly
related to test organism exposure (e.g., organic carbon content, acid volatile sulfide
concentrations, grain size distribution) may influence the results of laboratory bioassays.
Despite these limitations in identifying direct causal relationships, toxicity test endpoints
were evaluated relative to target metal concentrations to identify consistencies in toxic
effects and concentrations gradients. These consistencies may be considered in risk
management decision-making to mitigate potential impacts to benthic invertebrate
communities.
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10.2.4 Metal Bioavailability

Chemical analyses of soils and sediments measured total concentrations of metals rather
than the more bioavailable or toxic forms. Comparisons of total concentrations to
toxicological benchmarks were based on the assumption that no physicochemical factors
limited receptor exposure or the potential for toxic expression of metals. This uncertainty
varies by metal depending on physicochemical characteristics. It is likely that, to some
degree, metals adsorb to fine-grain particles and/or complex with chemical agents and
organic ligands in the exposure media. Such actions may change the chemical speciation
of the metal to a less toxic form, or reduce the concentrations of bioavailable chemicals
and subsequent uptake by receptors. The use of the total concentrations to estimate
exposure does not take into account these changes in speciation or reductions in toxicity
and therefore, undoubtedly overestimates risk when compared to toxicological
benchmarks derived from more bioavailable and toxic forms.

10.2.5 Selection of Receptors:

The FWIA cannot evaluate the potential for adverse effects on every plant and animal
species that may be present and potentially exposed at the Site. As a result,
representative receptors were selected based on trophic category, particular feeding
behaviors, and availability of life history information, to represent several similarly
exposed species at the Site. If the receptors evaluated in the assessment are more or less
sensitive to exposure to site-related constituents than some receptor populations existing
at the Site, the results may overestimate or underestimate overall ecological risk at the
Site.

Receptors evaluated in the FWIA provide an adequate representation of potential risks to
wildlife that may forage in exposure areas at the Site. Receptors were selected in
consultation with DFWMR and key receptor exposure parameters, including home
ranges, ingestion rates (food and substrate), were reviewed with DFWMR during the data
review and analysis phase of the investigation. These consultations were designed to
minimize uncertainty in the overall analysis.

10.2.6 Area Use Factors

Because it is unrealistic to expect wide-ranging receptors to live and feed exclusively in a
limited area, AUFs were incorporated into the FWIA to estimate exposure more
accurately based on the proportion of time a receptor would likely utilize an exposure
area. Area use factors estimate the average proportion of time a receptor may spend in a
specific exposure area based on the size of the exposure area relative to the size of the
receptor home range. While in the short term, the incorporation of AUFs may
underestimate risk if the receptor is active within the exposure area for a greater
proportion of time, over longer periods of time, this is expected to average out.
Conversely, if habitat quality is diminished to the point that a receptor avoids the
exposure area, the area use factor may overestimate exposure. Given the disturbed nature
of the Active Plant Area and the SWMU 1/22 Wetland Complex, it is not likely that
receptors will preferentially forage in these areas for a greater proportion of time than
anticipated based on AUFs.
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Home ranges used to calculate AUFs for the FWIA were selected to minimize the
underestimation of exposure. Relevant home range data were compiled for each receptor
and home ranges were selected based on conservative estimates from similar habitats;
selected home ranges were reviewed with DFWMR to ensure adequate conservatism in
AUFs. The level of conservatism incorporated into the selection of home ranges is not
likely to underestimate receptor exposure and more likely results in an overestimation of
exposure.

10.2.7 Evaluation of Population- and Community-Level Effects

10.3

Because the complexity of community and population dynamics, it is not currently
possible to evaluate all possible exposures or effects. The information presented, while
complete and accurate, may have missed long-term influences to the environmental
chemistry of metals found at the Site. It also may have failed to address adaptation of
natural communities to the unique site conditions. In addition, while ecological functional
redundancies contributed by unevaluated species may provide resiliency against adverse
effects at the community and ecosystem levels, sensitivities may be present in other
populations that have not been evaluated in the current studies. In either case, the studies
presented are only estimated representations of conditions as they exist at the Site, and it
is virtually certain that not all of the underlying variability and stressor effects have been
quantified. Therefore, it is important to recognize that (1) potentially large uncertainties
exist regarding community and population health, but (2) these uncertainties most
probably do not directionally bias conclusions.

Further, it is important to recognize that substantial differences exist between
observations and conclusions made at the individual, population, and community levels
of biological organization. For example, effects manifested at the population or
community levels resulting from the effects to only a few individuals may not be
observable with the type of studies implemented. The ramifications of this also include an
understanding that because the assessment level endpoints are protective of populations
(not individuals), risks projected to cause loss of a few individuals may not cause impacts
that are important at the levels of assessment where risk management decisions are made,
(i.e., populations and communities).

The analysis performed for this assessment did not account for some Site-specific factors
such as adaptive tolerance, adaptive reproductive potential, the small size of the affected
area compared to the range of most species populations, and recruitment from similar
adjoining areas. Such factors would tend to mitigate the degree and ecological
significance of loss or impairment of a portion of ecological population(s) due to both
chemical and physical stressors in the area. As a result, the approach used in this
assessment likely results in overestimation of risk.

Risk Characterization

Uncertainties in characterizing risks are primarily associated with the assumption that an
HQ greater than 1.0 is an adequate indicator of the potential for ecological risks of
individual chemicals. Given the use of conservative exposure and effects assumptions,
there is minimal uncertainty that the potential for ecological risks from exposure to
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10.4

individual metals were not identified in the evaluation. Conversely, there is a possibility
of false positive identification of ecological risks for some individual metals. The
influence of HQs on risk characterization may underestimate, but more likely
overestimates risk.

Summary of Uncertainty Analysis

The FWIA Step IIC investigation used conservative assumptions and estimates to
evaluate potential ecological impacts in the SWMU 1/22 Wetland Complex and the
margins of the Active Plant Area. The data evaluation approach was reviewed with
DFWMR during the data evaluation/reporting phase and modified as necessary to
achieve a satisfactory level of conservatism. Because conservative estimates or
assumptions were made for most factors considered in the assessment, there is confidence
that the conclusions of the FWIA are adequately conservative to identify potential
adverse effects to ecological receptor populations.
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11.0 CONCLUSIONS AND RECOMMENDATIONS

11.1

The objective of this FWIA Step IIC investigation was to collect adequate and
representative data to assess potential ecological impacts on the Dyno Nobel Site. The
Work Plan (URS, 2010) for this investigation was approved by NYSDEC and specific
study elements of this work were developed in close coordination with NYSDEC
DFWMR. Additionally, the data evaluation approach was developed in consultation with
NYSDEC DFWMR through multiple meetings and conference calls. The following
sections present the conclusions of the FWIA Step IIC investigations and provide
recommendations to support remedial-decision making to address ecological exposure at
the Site.

SWMU 1/22 Wetland Complex

Comprehensive investigations were conducted in the SWMU 1/22 Wetland Complex to
evaluate potential ecological risk associated with metals concentrations in surface water,
sediments, and biological tissues. Based upon the results of these investigations, the
following is concluded:

O The SQT weight-of-evidence evaluation indicated that impacts to benthic
invertebrate communities occurred at stations adjacent to SWMU 22 (SQT-03,
SQT-04, SQT-05, and SQT-06) that contained the greatest concentrations of
target metals in sediments;

O Benthic invertebrate impacts decreased with distance from SWMU 22 and were
not measureable at the station with the greatest distance from SWMU 22 (SQT-8);

O The incidence of significant lethal and sublethal effects on benthic test organisms
in sediment toxicity tests were most consistent with concentration gradients of
selenium and lead;

O Levels of target metals in surface water were generally below surface water
criteria; therefore, exposure of fish and other aquatic life to target metals is not
likely to result in adverse community-level effects. In addition, a fish
presence/absence survey and comparisons of mercury concentrations in fish tissue
to a conservative tissue residue benchmark also indicate that there is little
potential for adverse effects to fish populations; and

O Potential risks to wildlife exposed to target metals were limited to receptors that
forage exclusively within the exposure area; the potential for adverse effects was
greatest for tree swallow, however, the estimation of the dose to tree swallow was
highly uncertain.

The findings of the exposure evaluation for the select receptor communities support the
following recommendations to address ecological exposure in the SWMU 1/22 Wetland
Complex:
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a

Develop preliminary sediment remedial goals for benthic invertebrate
communities at concentrations representing thresholds between ‘likely
unimpacted’ and ‘likely impacted’ stations identified in the weight-of-evidence
SQT evaluation;

Develop preliminary sediment remedial goals for semi-aquatic wildlife using dose
rate models based on LOAEL TRVs and site-specific sediment-to-biota
bioaccumulation relationships developed in FWIA Step IIC investigations; and

Modify the current CMS to include pathway elimination for sediments exceeding
preliminary sediment remedial goals for benthic invertebrate communities and
assure that UCLgs concentrations in residual sediments not addressed through
pathway elimination do not exceed preliminary sediment remedial goals for
wildlife.

11.2 Active Plant Area

The exposure evaluation in the Active Plant Area focused on risks to wildlife receptors
that potentially forage on at the margins of the facility. The findings of the exposure
evaluation support the following conclusions regarding exposure to terrestrial wildlife:

Q

Q

The greatest potential risks to terrestrial wildlife are associated with exposure to
selenium consumed in earthworms and small mammals;

Potential risks associated with selenium exposure to wildlife are greatest in the
northern grids N1 and N3, which are associated with burning areas used to
combust off-specification and waste materials;

Excluding the elevated tissue concentrations in N1 and N3, potential risks to top-
tier, long-ranging receptors foraging throughout the Site are negligible; and

Selenium bioaccumulation is highly variable and uncertain based on non-
depurated earthworm tissue and total selenium analyses in soil; bioaccumulation
relationships derived from site-specific data are not reliable for developing
preliminary remedial goals for soil.

The findings of the terrestrial wildlife exposure evaluation support the following
recommendations to address ecological exposure at the margins of the Active Plant Area:

a

Preliminary remedial goals for terrestrial wildlife exposure to selenium should not
be derived based on the highly variable and uncertain soil bioaccumulation
relationships observed in FWIA Step IIC data; further understanding of selenium
bioaccumulation and toxicity are needed prior to making informed remedial
decisions.

Further evaluation of soil bioaccumulation relationships for selenium should be
based on depurated tissue samples and soil analyses that represent bioavailable
forms of selenium;

Further evaluation of selenium bioaccumulation should consider selenium uptake
dynamics in similar soil types within the region that are outside of the influence of
the Site;
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Q Selenium speciation analyses should be conducted on tissue samples to identify
appropriate LOAEL TRVs for comparisons to doses estimated by dose rate
modeling; and

O Given the frequent disturbance of plant activities in the Active Plant Area, risk
management decision-making for terrestrial wildlife exposure to selenium should
focus primarily on the protection of top-tier, long-ranging receptors, e.g., red fox
and red hawk.

11.3 Additional Site Characterizations

Additional characterizations of site-related metals in soil and sediments from select areas
of the Site support the following conclusions and recommendations:

O SWMU 35 Perimeter Soil: Soil results from the perimeter of SWMU 35 indicate
that target metals are not migrating downgradient of the landfill and are not likely
to result in adverse effect to ecological receptors. No further evaluation of soils
downgradient of SWMU 35 is warranted; and

O Site Drainage Sediments: Elevated concentrations of site-related metals at
various sediment depth intervals within the site drainages indicate that the two
drainage ditches that traverse the Site may represent historic migration pathways
of site-related metals. Further evaluation of remedial alternatives for the SWMU
1/22 Wetland Complex should consider this potential migration pathway.
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TABLE1

SUMMARY OF NEAR-BOTTOM SURFACE WATER QUALITY PARAMETERS - SQT STATIONS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Sediment Quality
Triad Station

Substrate Characteristics

Sample Date 2010

June  October

Water Depth (in)

June  October

Temperature (°C)

June  October

Dissol

(mglL)

June

d Oxygen

October

Dissolved Oxygen
(% Saturation)

June  October

June

pH

October

Specific
Conductivity

June  October

Oxidation-Reduction
Potential (mV)

June October

PE-SQT-01

Black unconsolidated sediment becoming
increasingly cohesive with depth; stiff clay
encountered at 12-14 inches below sediment
surface; sediment reducing (degassing when
disturbed)

6/14 1027

18 36-48

2337 17.18

85

"7

97.8 NM

743

6.52

0.115 0.449

-48.8

PE-SQT-02

Black fluidized silt with coarse particulate
organic material (CPOM); becoming more
cohesive with depth; stiff gray clay at ~12
inches; sediment reducing (degassing when
disturbed)

6/15 1027

12-18 12

22.32 17.15

6.73

22

773 NM

7.08

6.90

0.119 0.398

57.2

PE-SQT-03

Brown/black silt with high fine particulate
organic material (FPOM) and litle CPOM,; stiff
clay encountered at ~10 inches below
sediment; periphyton at surface; sediment
reducing (degassing when disturbed)

6/23 10/28

2825 16.67

4.09

6.0

521 62.0

3.33

144

0.292 3.026

186 5104

PE-SQT-04

CPOM (leaf pack) layer ~3 inches thick at
surface of sediment; underlying sediment
decomposing CPOM and silt; stiffer clay/silt
layer encountered at ~8 inches below sediment

617 10/28

18.56 12.52

6.5

45

701 423

7.33

720

0.267 1.027

921 97.5

PE-SQT-05

Dark brown fluidized silt becoming increasingly
cohesive with depth; stiff clay encountered at
~10 inches below sediment surface; CPOM at
surface transitioning to FPOM with depth;
sediments reducing (degassing when disturbed)

PE-SQT-06

6/15 1027

25.35 16.96

5.7

24

69.3 245

7.08

6.75

NM 0.397

1.9 433

Thick Phragmites root mat at surface of
sediment; highly organic sediments consisting
predominantly of decaying Phragmites to stiff
gray clay layer at ~11 inches below sediment
surface; sediment reducing (degassing when
disturhed)

6/14 10/28

6-8 6

15.83 11.28

0.8

79 13.0

6.92

6.56

0.154 0.681

-74.1 -20.3

PE-SQT-07

Phragmites detritus layer ~2 inches thick at
sediment surface; underlying sediment silt with
CPOM and FPOM,; stiff clay encountered at ~8
below sediment surface

617 1027

20.42 16.16

5.59

49

62 49.5

712

6.87

0.125 0.400

212 44.5

PE-SQT-08

Dark brown silt with organic root mat and
detritus; siff, light gray clay encountered at ~8
inches below sediment surface

617 1027

17.51 15.38

5.99

5.8

62.7 57.8

7.09

7.06

0.12 0.504

61.7

PE-SQT-09

Phragmites detritus layer at sediment surface;
underlying sediment silt with decaying
Phragmites vegetative material; sediments
increasingly silts/clays with depth; stiff clay
encountered at ~8 below sediment surface

6/16 10/29

17.26 10.74

2.32

21

24 18.5

6.65

6.65

0.051 0.192

323 217

PE-SQT-10

Phragmites detritus layer at sediment surface;
underlying sediment silt with decaying
Phragmites vegetative material; sediments
increasingly silts/clays with depth; stiff clay
encountered at ~8 below sediment surface

6/16 10/29

36 36

18.15 11.12

3.76

37

39.8 331

6.89

6.83

0.053 0.200

171 -16.3

PE-SQT-11

Phragmites detritus layer at sediment surface;
underlying sediment silt with decaying
Phragmites vegetative material; sediments
increasingly silts/clays with depth; stiff clay
encountered at ~8 below sediment surface

6/16 10/29

36 42-48

18.58 "N

3.18

23

32.9 213

6.98

6.73

0.059 0.210

59.7 -30.3

Notes:

NM, Measurement not recorded.




TABLE 2

SUMMARY OF ANALYTICAL RESULTS FOR TARGET METALS - SQT SEDIMENT STATIONS

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Minimum Maximum NYSDEC Sediment Criteria SWMU 1/22 SQT Stations Reference SQT Stations
. Number of Number of
Analyte Units Samples Detections Detected Detected

c i c i LEL' SEL? PE-SQT-01 | PE-SQT-02 | PE-SQT-03 | PE-SQT-04 | PE-SQT-05 | PE-SQT-06 | PE-SQT-07 | PE-SQT-08 | PE-SQT-09 | PE-SQT-10 | PE-SQT-11
Metals
Cadmium mglkg 1 1 0.22 26.6 0.6 9.0 0.84 0.83 0.22 31 2 26.6 8.4 3.3 23 2 11
Copper mglkg 1 1 372 18,800 16 110 7027 5247 12600 8070 1790 * 18800 43907 23007 68 68.47 3727
Lead mglkg 1 1 36.2 2,060 31 110 251 592 1850 353 2060 474 224 128 58.1 56.7 36.2
Mercury mglkg 1 1" 0.19 82.4 0.15 13 574 83 61.1 21.8 35 824 12.2 24.8 0.29 0.32 0.19
Selenium mglkg 1 1" 5.20 198 5.00 - 35.6 Il 198 38.6 170 78.2 33.2 16.4 8.4 11 5.2
Zinc mglkg 11 1 26.2 2,110 120 270 174 150 26.2 1270 246 2110 623 404 85.9 81.3 68.3
Other Sedi Pi S
Percent Solids | % 1 1 18.3 | 419 NA NA 24.0 | 212 419 257 18.3 19.9 19.0 236 21.0 235 39.3
Total organic carbon % 11 1 4.32 28.1 NA NA 6.64 4.32 5.57 5.42 6.52 10.6 8.35 493 21.4 28.1 11.8
Notes:

! Result is estimated due to a minor quality control anomaly

Y Result is a non-detect < the detection limit (DL

® Estimated result; less than the RL
¥ Method blank contaminatior
¥ Matrix interference

1, LEL, lowest effect level; sediment screening criterion for selenium is based on a value from Nagpal et al. (1995) for British Columbia

2, SEL, severe effects level

Bold results indicate a sediment concentration exceeding the LEL; shaded results indicate a concentration exceeding the SEL




TABLE 3

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

PEARSON CORRELATION MATRIX OF SEDIMENT TARGET METALS CONCENTRATIONS - SWMU 1/22 WETLAND COMPLEX

Pearson Correlation (r)

Cadmium Copper Lead Mercury | Selenium Zinc
Cadmium 1
Copper 0.732 1
Lead -0.261 0.115 1
Mercury 0.542 0.752 -0.074 1
Selenium -0.149 0.284 0.973 0.104 1
Zinc 0.88 0.72 -0.36 0.463 -0.282




SUMMARY OF DETECTED CONSTITUENTS - REFERENCE SQT SEDIMENT

TABLE 4

FWIA STEP IIC INVESTIGATION

DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

A q 3 " - Maximum
Analyte Units Number of Samples | Number of Detections M|:|mum Detgcted Ma:lmum Detfacted S(e::iiltr:::t Sedln;ir:ltrf:tena Concentraton Exceeds PE-SQT-09 PE-SQT-10 PE-SQT-11
Criteria?

[Metals
Aluminum mglkg 3 3 14,200 18,100 NS - - 18,100.0 7 14,200.0 7 15,200.0
Antimony mglkg 3 3 0.22 0.39 2 NYSDEC LEL No 036 %7 039 %7 022°7
Arsenic mg/kg 3 3 3.20 7.00 6 NYSDEC LEL Yes 49 7 32
Barium mg/kg 3 3 192 208 NS - - 208 192 192
Beryllium mg/kg 3 3 0.97 1.50 NS - - 15 13 0.97
Chromium mglkg 3 3 16.20 18.20 26 NYSDEC LEL No 1827 162”7 174”7
Cobalt mg/kg 3 3 5.00 5.60 50 USEPA Region Il No 55 5 56
Iron mg/kg 3 3 14,100 18,600 20,000 NYSDEC LEL No 15,000.0 18,600.0 14,100.0
Manganese mg/kg 3 3 134 223 460 NYSDEC LEL No 223.0 134.0 217.0
Nickel mglkg 3 3 16.60 23.30 16.0 NYSDEC LEL Yes 223”7 233" 16.6 7
Silver mg/kg 3 3 0.20 0.33 1.0 NYSDEC LEL No 0.32 0.33 0.20
Thallium mg/kg 3 3 0.22 0.26 NS - - 0.26 0.22 0.24
Vanadium mg/kg 3 3 25.50 35.60 NS - - 35.6 34.7 25.5
Organochlorine P
4,4-DDE Hglkg 3 3 3.0 89 118.0 NYSDEC' No 43 7.7 307
gamma-BHC Hglkg 3 3 13 22 NS - - 2277 19 7P 1.3 7P¢
alpha-BHC uglkg 3 1 0.71 0.71 NS - - 0.71 7P 430" 2,60 Y
Dieldrin Hglkg 3 1 042 042 1,062 NYSDEC' No 407 43V 04277
Endrin Jiglkg 3 1 09 09 472.0 NYSDEC' No 40V 43V 09 7P
Volatile Organic Compound:
Xylenes uglkg 3 3 39.0 100.0 10,856 NYSDEC' No 7107 96.0 39.0
Toluene uglkg 3 2 6.8 7.1 5,782 NYSDEC' No 240" 68" 130V
Acetone uglkg 3 1 41.0 41.0 NS - - 95.0Y 4107 51.0Y
Semi-Volatile Organic Compound:
Fluoranthene uglkg 3 2 48 49 120,360 NYSDEC' No 310 497 200 Y
Pyrene uglkg 3 2 47 58 113,398 NYSDEC' No 310V 58 200 Y
Benzaldehyde Hglkg 3 1 2,000 2,000 NS - - 1,500 Y 2,000 1,000 Y
Butyl benzyl phthalate uglkg 3 1 210 210 11,000 USEPA EcoTox No 2107 1,700V 1,000 Y
Phenanthrene uglkg 3 1 57 57 14,160 NYSDEC' No 310V 577 200V
Other Sedi P
Total Organic Carbon % 3 2 48 | 49 120,360 | NYSDEC' No 214 28.1 11.8

Notes:

"’ Front and rear chromatography columns display >40% difference
¥ Estimated result; less than the RL
YResult is a non-detect < the detection limit (DL)
¥ Method blank contamination
1, Technical Guidance for Screening Contaminated Sediments (NYSDEC 1999); based on benthic aquatic life chronic toxicity assuming the lowest total organic carbon concentration of 11.8%

NS, No standard available




TABLE 5

VOC/SVOC SEDIMENT ANALYSES - PE-SD-SQT-03
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

Analyte Unit Result Analyte Unit Result
Volatile Organic Compounds (Method 8260B) Semi-Volatile Organic Compounds (Method 8270C)
trans-1,3-Dichloropropene pglkg 24U Anthracene pglkg 650 U
Acetone pglkg 98 U Fluoranthene pglkg 650 U
Ethylbenzene pglkg 24U Fluorene pglkg 650 U
Trichlorofluoromethane pglkg 24U Hexachlorobenzene pglkg 650 U
2-Hexanone pglkg 24U Hexachlorobutadiene pglkg 650 U
Isopropylbenzene pglkg 24U Hexachlorocyclopentadiene pglkg 3200 U
Methyl acetate pglkg 24U Hexachloroethane pglkg 3200V
Methylcyclohexane pglkg 24U Indeno(1,2,3-cd)pyrene pglkg 650 U
Methylene chloride pglkg 24U Isophorone pglkg 3200 U
4-Methyl-2-pentanone pglkg 24U Atrazine pglkg 3200 U
Benzene pglkg 24U 2-Methylnaphthalene pglkg 650 U
Styrene pglkg 24U 2-Methylphenol pglkg 3200 U
1,1,2,2-Tetrachloroethane pglkg 24U 4-Methylphenol pglkg 3200 U
Tetrachloroethene pglkg 24U Naphthalene pglkg 650 U
Toluene Halkg 79J 2-Nitroaniline pglkg 17000 U
1,2,4-Trichlorobenzene Halkg 74J 3-Nitroaniline pglkg 17000 U
1,1,1-Trichloroethane pglkg 24U 4-Nitroaniline pglkg 17000 U
1,1,2-Trichloroethane pglkg 24U Nitrobenzene pglkg 6500 U
Trichloroethene pglkg 24U 2-Nitrophenol pglkg 3200 U
1,1,2-Trichloro-1,2,2-trifluoroethane pglkg 24U 4-Nitrophenol pglkg 17000 U
Vinyl chloride pglkg 24U Benzo(a)anthracene pglkg 650 U
Xylenes (total) pglkg 73U N-Nitrosodi-n-propylamine pglkg 650 U
Methyl! tert-butyl ether pglkg 24U N-Nitrosodiphenylamine pglkg 3200 U
Bromodichloromethane pglkg 24U Benzo(b)fluoranthene pglkg 650 U
Bromoform pglkg 24U Benzo(k)fluoranthene pglkg 650 U
Bromomethane pglkg 24U Benzo(ghi)perylene pglkg 650 U
2-Butanone pglkg 24U Benzo(a)pyrene pglkg 650 U
Carbon disulfide Halkg 46J Pentachlorophenol pglkg 3200 U
Carbon tetrachloride pglkg 24U Phenanthrene pglkg 650 U
Chlorobenzene pglkg 24U Phenol pglkg 650 U
Dibromochloromethane pglkg 24U Pyrene pglkg 650 U
1,2-Dibromo-3-chloropropane pglkg 24U Acetophenone pglkg 3200 U
Chloroethane pglkg 24U 2,4,5-Trichlorophenol pglkg 3200 U
Chloroform pglkg 24U 2,4,6-Trichlorophenol pglkg 3200 U
Chloromethane pglkg 24U Carbazole pglkg 650 U
Cyclohexane pglkg 24U bis(2-Chloroethoxy)methane pglkg 3200 U
1,2-Dibromoethane pglkg 24U bis(2-Chloroethyl) ether pglkg 650 U
1,2-Dichlorobenzene pglkg 24U bis(2-Ethylhexyl) phthalate pglkg 6500 U
1,3-Dichlorobenzene pglkg 24U Benzaldehyde pglkg 3200 U
1,4-Dichlorobenzene pglkg 24U 1,1"-Bipheny! pglkg 3200 U
Dichlorodifluoromethane pglkg 24U 4-Bromophenyl phenyl ether pglkg 3200 U
1,1-Dichloroethane pglkg 24U 2,2'-0xybis(1-Chloropropane) pglkg 650 U
1,2-Dichloroethane pglkg 24U Butyl benzyl phthalate pglkg 3200 U
1,1-Dichloroethene pglkg 24U Acenaphthylene pglkg 650 U
cis-1,2-Dichloroethene pglkg 24U Caprolactam pglkg 17000 U
trans-1,2-Dichloroethene pglkg 24U 4-Chloroaniline pglkg 3200 U
1,2-Dichloropropane pglkg 24U 4-Chloro-3-methylphenol pglkg 3200 U
cis-1,3-Dichloropropene pglkg 24U 2-Chloronaphthalene pglkg 650 U
Semi-Volatile Organic Compounds (Method 8270C) 2-Chlorophenol pglkg 3200 U
Acenaphthene pglkg 650 U 4-Chlorophenyl phenyl ether pglkg 3200 U
Diethyl phthalate pglkg 3200 U Chrysene pglkg 650 U
2,4-Dimethylphenol pglkg 3200 U Dibenz(a,h)anthracene pglkg 650 U
Dimethyl phthalate pglkg 3200 U Dibenzofuran pglkg 3200 U
Di-n-octyl phthalate pglkg 3200 U Di-n-butyl phthalate pglkg 3200 U
4,6-Dinitro-2-methylphenol pglkg 17000 U 3,3"-Dichlorobenzidine pglkg 3200 U
2,4-Dinitrophenol pglkg 17000 U 2,4-Dichlorophenol pglkg 650 U
2,4-Dinitrotoluene palkg 3200 U Total Sulfide Method 9030B/9034
2,6-Dinitrotoluene Hglkg 3200 U Total Sulfide mglkg 823

Sulfate Method 9056A
Notes: Sulfate mglkg 8110
U, Result is a non-detect , the detection limit (DL) Other Sediment Parameters
Percent Solids % 20.5




TABLE 6
EXTRACTABLE PETROLEUM HYDROCARBON SEDIMENT ANALYSES - PE-SD-SQT-03
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Massachusetts Extractable Petroleum Hydrocarbon (EPH) Method
Analyte Unit Result
Acenaphthene mg/Kg 10U
Acenaphthylene mg/Kg 10U
Anthracene mg/Kg 10U
Benzo[a]anthracene mg/Kg 10U
Benzo[a]pyrene mg/Kg 10U
Benzo[b]fluoranthene mg/Kg 10U
Benzo[g,h,iJperylene mg/Kg 10U
Benzo[k]fluoranthene mg/Kg 10U
Chrysene mg/Kg 10U
Dibenz(a,h)anthracene mg/Kg 10U
Fluoranthene mg/Kg 10U
Fluorene mg/Kg 10U
Indeno[1,2,3-cd]pyrene mg/Kg 10U
2-Methylnaphthalene mg/Kg 10U
Naphthalene mg/Kg 10U
Phenanthrene mg/Kg 10U
Pyrene mg/Kg 10U
C11-C22 Aromatics (unadjusted) mg/Kg 2600
C11-C22 Aromatics (Adjusted) mg/Kg 2600
C19-C36 Aliphatics mg/Kg 13000
C9-C18 Aliphatics mg/Kg 580
Total EPH mg/Kg 16000
Percent Moisture % 81

Notes:
U, Result is a non-detect , the detection limit (DL)



TABLE 7
SUMMARY OF SUMMER BENTHIC INVERTEBRATE COMMUNITY ANALYSES - JUNE 2010

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK
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TABLE 7
SUMMARY OF SUMMER BENTHIC INVERTEBRATE COMMUNITY ANALYSES - JUNE 2010

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

o o -|= 8 o
Ol@lococowoocoocoococoooccooronNNO o000 o0o00o0ooocooooroor-ooogoanaoolFlsr =
-
-
= - ol © ~
.mBmw0100000000000002050000000000000100000001”02002221
-
(7]
0 o ©o 2
©
5 <|Slonomololocoococococoolcomo QYoo ooo~ococooococoao~oco-o~olodNolofeed®
= = 2= L2
©
3
n o w0
_m me001200000000000103000000000101000000000080200ﬂﬂ%/m
=)
n
o
o| - ~
=4 D o olo ©
gl B0 Soc/lcoc oo oo o o0ococoor-roooo0ooo0ocooooo0o0o0o0o0o00o0o0ooowooooogFg T
5|3 =
M o - ol © o
8 ] SRS S SIS IS IS IS WS S IS IS IR SR Sl S IS IS IS IS NS IS IS WS WS IS WS IS WS IS NS NERSNS NS WS IR IS IS (P SR
2 -—
]
S
2 o - 77%
2 Ollococ~0co0cococo0co0oocoo0co0o0coNOXOOoOo0Oo oo ooNoCoocoocooooooloooooi|les™®
©
=]
< o olo & «
.mBanlv0000000000000000010100000001500001000100700003361
-
(7]
o)
o — olo ® o
] SIS NSNS NS SIS IS S IS IS WS IS IS IS IS IR IS IS IS WS IS IS IS WS NS IS IS IS IR NS S NS NS RERSInS IS IS (£=-] ES N
-
& o 2
Coo. < o Sl = ©
dflecocoolcoocococootoco oo o -rocooooocoooooooocooedw®-oIo8s N
@ ~
o
N~
< Mou wiwv N
Bl Glo N 00~ 0000000000000 000000000NWoo00o0r- 000000 ooyo—falgsg
Sk =
<
0 © o ol ™~ o
A20000000010010200000000100000010000000000112001%m1
-~ ~
- ©o 9
b o © Bl< 3
Olgflocoococoocoocoocoococoocoocoococoococo0co0co0o0o0o0o0o0o0o00o0o0o0o0o0o0o0ooooooo LooooeEr ™
N s -
N~
o I\e)
| ml2 ~ < =9 © »
_m Bflo/m olojolooloolojojo oo~ ooooooolooloolooloooomolooloool oo el <~
~ ©
wn
2 SIS 8
L gf|lo—cococlocoocoococoo~ococoooococotooocooocoocoocomoooooo oo o8y ™
~N o -
—
= © NN R
OlQlocococococoocooocoooccoococoocococoococoocoooocoooocooocoflooocoomonooood]ses
o
©
< o = o oo S
.mBaOI0000000000100000000000000000100016000010101004481
-
(7]
~
o
<2 © ~ —l= < ~
Slle/lcococcoococococoocoooo oo oo oo oococoocoocoloo~ooof~odo|nlon
~
7]
= [7e) © K
= = © — “lc 8
= Olglooc o0 o000 0000000000000 00 00000000 NO T~ OO0 00 0o oo oo=|g:8w
) N o =
7N| v
[re)
=< 3 ol8 o
Q.IB&0000000000000000000000400000000@01000000%300002%5
95 o ke
i ~ — I~
o [--} o~ ~ ~ ol X
£ < gflo olcocojlocooococooocooocooooocoo Jooocoooco~-Yoooocooocols—ooolelsg®
o s —la 2
(&)
-] o <4
oK o
c OlQlomocococ oo~ omMoocoomoooooooooooxgleds<=
s ®
O <
~
=< © © <+|s S
N EIOGIO 000 0000000000000 000000000000000O0 000000000 oooooxkIgr
gl 1e - il
= = » R
w AaOI00000000000000000000000000001000%000000011000“487
x
(7]
0 N
2 ~les &
C&0470000000000000000000000000000000000000000002086
~ I5S)
N
™
0. p=4 66m
.mBaOI4610000000000000000000000000000000000000100006687
N
(7]
o
o oo ©
] SIGUSHS NSNS NSNS NSNS IS NS NS NSNS NS NS WS NS IS NS WS WS WS NS IS IS WS IS IS NS IS IS WS NS WS NS IS NS RCHSNS NSNS IS (12 (SRS
15)
~
© < o) ol 8 «
Olbloor~ocococoocococo0coco0co0co~-r0co0oNO0OO0O0OYT 00000 -or-rooor-rooooJolooosdas
~t ~ =2
o~
o o =
|l ml 2 < o) 0 © o
_AW Bllooclocooc oo oo -0 or-rNoooowoocooomooooooooooIooodIeac
©
(7]
o g . ©
* N o ol Q I~
TLQgloonocoo-ooocooooor~oooooocowVNooocoooocotvoooooo~oQowoool8IFa -
< NI
wn <t
- ~— o o © ~
C&0210000000000002000000080023000000000000001009M21
©
-
o ~ <~ ~
! «© o ol © X
Bl slocloc oo~ o0oo0co0ooco0cocomwor-~ooNmMoOOoO Mmoo ov-oov-ooooooooo8IF
g°|2 85
%)
3 olo =
<t o N <«
sflocomoocococoocooococococono ool -oorooocoocoocoooorox-oooell
@ ~ ~
€S £ @O < 2
©O O ® @ = o) <C
= = o o [ = ol © =
S 8B =g i 1S © o S o
»n N g o = 7 Q » (=
Q p ) S < n L 7] ®
5 5 x 2 o g . 3] = c T 2 a & =
g o 5 5 Slo . @ o @ < c E IR
» n 2 p > © o3 s » @D 3 D [ o = S . € «~
== ;s ElE g @ a3 » g g 24 = @ T 05 4T 92 o g Slg S '= B
€ ElFSS 2 g 28 g oa =] o 35 F S50 =6 FH>g < = = S D » @
D @ = ®w ® =38 === » @ © o 71 3 k1B 2] o © o 8 x o o & S
m o8 s28 o, 5 E=Q =32 5 » C =835 E 08 pn 0x B ol ST S = AR »n ol 3 F o © S a8 c
Sfle sy o288 a3 T o0 E TS g oD DS 259 9 S o D= o @ S8 B g8 [
oflo = & & nLe ET sS85 nooo=EE=2wo oL [N} o283 25 O v IR=1R=] ]
oflc 895 3 c8SEc2 8283855 as5233c5=>-0588338s528e. 282585385 |I88x
SN 852833288 LccarvlBLoeei59cccEcEERTTERSTEE EEC
cloloclcs2as®oeEE S L o88 838 a5S oo c2ooESassSSsS3EERSS?o S S5 &
< MOOO0O AL NNEHFIEFEFFEFIITAoLO=S=ooaoaAa=Song<Oo0QWWI T IaZERFR<<tIO0OO0OITOoOZ =Z Z —
= T g g 3 T 5 2
]
K] ] b3 = = o o m
o o o © [} © —
—_ o o > [ 3 <
o < = ) = S ©
L & © o
(L] el
@
<=
=
o




TABLE 8
SUMMARY OF FALL BENTHIC INVERTEBRATE COMMUNITY ANALYSES - OCTOBER 2010

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK
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PORT EWEN, NEW YORK

TABLE 8
SUMMARY OF FALL BENTHIC INVERTEBRATE COMMUNITY ANALYSES - OCTOBER 2010
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

SQT Station

SQT Station

Benthic Replicate
Percent Subsampled

SWMU 1/22 Wetland Complex SQT Stations

Reference Wetland SQT Stations

SQT-01

SQT-02

SQT-03

SQT-04

SQT-05

SQT-06

SQT-07

SQT-08

SQT-09

SQT-10

SQT-11

B,C’

A

A

A

A

A
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100

100
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100

I'=I'richoptera

Lepidoptera

Gastropoda

Bivalvia

Annelida

Acari

Crustacea

Other Organisms

Agrypnia sp.
Limnephilidae
Limnephilus sp.
Oligostomis sp.
Phylocentropus sp.
Polycentropodidae
Ptilostomis sp.
Crambidae
Lepidoptera
Gyraulus sp.
Planorbella sp.
Planorbidae
Planorbula sp.
Musculium sp.
Pisidium sp.
Sphaeriidae
Enchytraeidae
Erpobdella sp.
Helobdella sp.
Helobdella stagnalis
Limnodrilus hoffmeisteri
Lumbriculidae
Tubificidae w/o cap setae
Arrenurus sp.
Limnesia sp.
Amphipoda
Caecidotea sp.
Crangonyx sp.
Hyalella sp.
Ostracoda
Nematoda
Turbellaria
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Notes:

1, Replicates B and C at SQT-01 were inadvertently composited by the taxonomic laboratory; the taxa counts represent the organisms sorted from the composited sample.




TABLE 9

SUMMARY OF TOXICITY TESTING ENDPOINTS - 42 DAY HYALELLA AZTECA SURVIVAL, GROWTH, AND REPRODUCTION SEDIMENT TOXICITY TEST

FWIA STEP IIC INVESTIGATION

DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Endpoint SWMU 1/22 SQT Stations Reference SQT Stations Laboratory
PE-SQT-01 | PE-SQT-02 | PE-SQT-03 | PE-SQT-04 | PE-SQT-05 | PE-SQT-06 | PE-SQT-07 | PE-SQT-08 | PE-SQT-09 | PE-SQT-10 | PE-SQT-11 e
Day 28
Mean Percent Survival 61.7% 64.2% 0.0% 25.8% 9.2% 35.0% 70.8% 70.8% 83.3% 80.0% 80.8% 87.5%
Survival Standard Error 6.1% 6.2% 0.0% 5.1% 3.6% 7.9% 5.8% 6.0% 4.8% 4.3% 3.6% 4.8%
Statistical Difference Yes Yes Yes Yes Yes Yes No No Not Applicable
Mean Biomass (mg dw) 0.313 0.234 0 0.054 0.035 0.038 0.205 0.308 0.418 0.469 0.409 0.369
Biomass Standard Error 0.077 0.067 0.000 0.026 0.021 0.015 0.017 0.101 0.034 0.058 0.020 0.061
Statistical Difference No Yes Yes Yes Yes Yes Yes No Not Applicable
Day 35
Mean Percent Survival 43.8% 63.8% 0.0% 25.0% 8.8% 30.0% 71.3% 71.3% 76.3% 73.8% 80.0% 75.0%
Survival Standard Error 6.2% 4.6% 0.0% 6.0% 3.9% 6.7% 7.3% 6.1% 6.4% 6.4% 4.4% 8.5%
Statistical Difference Yes Yes Yes Yes Yes Yes No No Not Applicable
Day 42
Mean Percent Survival 38.8% 63.8% 0.0% 22.5% 8.8% 28.8% 66.3% 68.8% 76.3% 72.5% 76.3% 68.9%
Survival Standard Error 5.9% 4.6% 0.0% 5.7% 3.9% 6.8% 8.0% 7.5% 6.4% 6.5% 4.6% 8.4%
Statistical Difference Yes No Yes Yes Yes Yes No No Not Applicable
Mean Biomass (mg dw) 0.2071 0.3627 0 0.1449 0.0761 0.1827 0.4165 0.4784 0.6148 0.5374 0.5782 0.3849
Biomass Standard Error 0.0848 0.0527 0.0000 0.0602 0.0508 0.0558 0.0991 0.0944 0.0748 0.0755 0.0425 0.1041
Statistical Difference Yes Yes Yes Yes Yes Yes Yes No Not Applicable
_ Mean Number per Female 2.31 2.646 0 2517 05 0.583 3.364 6.944 6.667 5.682 5.862 6.479
f:”rlﬁﬂiﬁon Standard Error 1448 0.709 0.000 1488 0.000 0.600 0997 2.109 2332 1509 1619 2166
Statistical Difference No Yes Yes Yes Yes Yes No No Not Applicable




TABLE 10

SUMMARY OF TOXICITY TESTING ENDPOINTS - CHIRONOMUS RIPARIUS CHRONIC EXPOSURE SEDIMENT EVALUATION

FWIA STEP IIC INVESTIGATION

DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Endpoint SWMU 1/22 SQT Stations Reference SQT Stations Laboratory
PE-SQT-01 | PE-SQT-02 | PE-SQT-03 | PE-SQT-04 | PE-SQT-05 | PE-SQT-06 | PE-SQT-07 | PE-SQT-08 | PE-SQT-09 | PE-SQT-10 | PE-SQT-11 e
Day 10
Mean Percent Survival 75.0% 72.5% 0.0% 97.5% 60.0% 97.5% 95.0% 82.5% 87.5% 97.5% 87.5% 92.5%
Survival Standard Error 8.7% 18.0% 0.0% 2.5% 19.6% 2.5% 5.0% 4.8% 4.8% 24.4% 4.8% 2.5%
Statistical Difference No No Yes No No No No No Not Applicable
Mean Biomass (mg dw) 0.45 0516 0 0.3825 0.1743 0.4933 0.5425 0.5202 0.5502 0.5241 0.5292 0.7353
Biomass Standard Error 0.071 0.125 0.000 0.045 0.071 0.049 0.042 0.045 0.096 0.025 0.086 0.073
Statistical Difference No No Yes No Yes No No No Not Applicable
Emergence
. Mean Days 14.93 15.44 16.33 15.82 16.61 14.32 15.9 15.36 14.31 14.46 16.81 13.56
E?:r;(;nce Standard Error 0.89 1.03 0.03 1.14 1.44 0.25 1.28 0.73 0.49 0.20 0.82 0.45
Statistical Difference No No No Yes Yes No No No Not Applicable
Mean Percent Emergence |  83.8% 87.5% 10.0% 94.4% 88.8% 87.5% 96.3% 95.0% 88.8% 83.8% 60.0% 86.9%
Eﬁ{g‘;‘;nce Standard Error 9.6% 109% | 157.2% | 36% 4.8% 9.5% 53% 3.0% 6.8% 8.4% 17.7% 6.9%
Statistical Difference No No Yes No No No No No Not Applicable




TABLE 11

SUMMARY OF ANALYTICAL RESULTS FOR TARGET METALS - DOWNSTREAM SEDIMENT STATIONS

FWIA STEP IIC INVESTIGATION

DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

. Units | Number of | Number of '[V;L':L";:‘e'g MDae’t‘::t':': NYSDEC Sediment Critera | o DNS-SD-01 | PE-DNS-SD-01 | PE-DNS-SD-02 | PE-DNS-SD-03 | PE-DNS-SD-04
Samples | Detections Concentration | Concentration LEL SEL? (0-1.0) (1-1.5) (0-1.0) (0-1.0) (0-1.0)
|Metals
Cadmium mglkg 5 5 0.45 19 06 9.0 19 1 17€ 0.45 0.78
Copper mg/kg 5 5 179 2,440 16 110 2020 2440 1410 246 179
Lead mglkg 5 5 25.9 773 31 110 773 514 523 25.9 406
|Mercury mg/kg 5 5 1.1 453 0.15 1.3 25.5 45.3 254 34 1.1
Selenium mglkg 5 5 13 77 5.00 - 77 43 51F 13 2
Zinc mglkg 5 5 893 270 120 270 270 249 226 89.3 185
Other Sediment Parameters
Percent Solids % 172 61 NA NA 172 406 32.4 61 442
Total Organic Carbon % 5 5 2 8 NA NA 7.14 425 775 2.08 4.82

Notes:

If the result is > the reporting limit (RL), then [x] is non-detect at the sample concentration; if the result is < the RL, then [x] is non-detect at the RL.

YResult is a non-detect < the detection limit (DL)

¥ Matrix interference

1, LEL, lowest effect level; sediment screening criterion for selenium is based on a value from Nagpal et al. (1995) for British Columbia
2, SEL, severe effects level

Bold results indicate a sediment concentration exceeding the LEL; shaded results indicate a concentration exceeding the SEL




TABLE 12
SWMU 1/22 SURFACE WATER STATIONS - SUMMARY OF ANALYTICAL RESULTS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Sample R — R — Minimum Maximum SWMU 1/22 Wetland Complex Stations Reference Stations
Analyte PE | units umber o umber o Detected Detected | NYSDEC SWQS
Type Samples Detections . ¢ 5
PE-SW-01 PE-SW-02 PE-SW-03 PE-SW-04 PE-SW-05 PE-SW-06 PE-SW-07 PE-SW-08 PE-SW-09
Metals
, U pglL 9 0 ND ND NA 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y
Cadmium
F pglL 9 0 ND ND 252 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y 1.00Y
U pglL 9 9 0.33 19 NA 3.30 240 18.60 3.00 3.70 5.90 0818 130°F 0335
Ccpper B U (2.0) U (2.0) U (2.0)
F pglL 9 6 1.90 12 14.1 2.00 1.90 12.00 2.00 260 440 0.93Y¢ 150 V¢ 0.68 120
Lead U pglL 9 9 0.072 0.96 NA 0.16° 0.15% 0078 0965 0.58® 040° 0.10° 0465 0118
F pglL 9 9 0.04 0.26 49 0.06° 0198 0,045 0.26° 0255 0208 0118 018" 0148
U pglL 9 0 ND ND NA 0.20Y 0.20Y 0.20Y 0.20Y 0.20Y 0.20Y 0.20Y 0.20Y 0.20Y
Mercury u u u u u u u u u
F pglL 9 0 ND ND 0.77 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
} U pglL 9 1 0.49 0.49 NA 500Y 500Y 0495 500Y 500Y 500Y 500Y 500Y 500Y
Selenium ] ] g
F pglL 9 3 05 14 46 500Y 0868 1408 0508 500Y 500Y 500Y 500Y 500Y
) U pglL 9 9 13 7.2 NA 3908 2708 490° 7.20 170°% 2808 2208 3708 130°F
Zinc ] g g g g g
F pglL 9 6 13 45 101.2 4508 1908 3708 2608 2308 4508 340 Y69 3.00 Y69 1.30 V60
Other Water Quality P S
Total Suspended Solids | U mglL 9 3 2 [ 4 [ 4 [ 400V 400V ] 400V 400V ] 400V 400V ] 2008 ] 3608 | 2008
Hardness U mglL 9 9 547 | 156 | 156 [ 13300 [ 12800 [ s600 [ 13200 [ 12700 [ 13300 | 5470 | 7160 | 80.00

Notes:

If the result is > the reporting limit (RL), then [x] is non-detect at the sample concentration; if the result is < the RL, then [x] is non-detect at the RL.

U Result is a non-detect < the detection limit (DL

¥ Estimated result; less than the RL
? Method blank contaminatior

1, U, Unfiltered sample; F, Filtered (0.45um) sample

ND, Analyted was not detected in any sample
NA, Not applicable; NYSDEC SWQS are based on filtered surface water results.



TABLE 13
FISH COMMUNITY PRESENCE/ABSENCE SURVEY RESULTS - SWMU 1/22 WETLAND COMPLEX

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

Upstream Site Downstream
Species
Number Mean Length | Mean Weight Number Mean Length | Mean Weight Number Mean Length | Mean Weight

(mm) (+/- SE) | (g) (+/- SE) (mm) (+/- SE) | (g) (+/- SE) (mm) (+/- SE) | (g) (+/- SE)
Golden Shiner 9% 80 (4) 6.2(1.2) 79 79 (4) 58(1) 81 91 (3) 83(1.1)
(Notemigonus crysoleucas)
Largemouth Bass 1 135 34.6 0 NC NC 0 NC NC
(Micropterus salmoides)
American Eel 0 NC NC 0 NC NC 6 3442 | 1122(36.5)

(Anguilla rostrata)

Notes:

NC, Not calculated; taxon was not present in sampling reach.




TABLE 14

SUMMARY OF BENTHIC INVERTEBRATE TISSUE ANALYSES - SWMU 1/22 WETLAND COMPLEX

FWIA STEP IIC INVESTIGATION

DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Minimum Maximum SWMU 1/22 Wetland Complex SQT Stations Reference
1 Number of | Number of
Analyte Units Sl || DEesks Detected_ Detected.
Concentration | Concentration | PE-SQT-BITIS-01 | PE-SQT-BITIS-02 | PE-SQT-BITIS-04 | PE-SQT-BITIS-05 | PE-SQT-BITIS-06 | PE-SQT-BITIS-07 | PE-SQT-BITIS-08 | PE-SQT-BITIS-11
Cadmium mg/kg, ww 8 8 0.03 0.94 0.078 0.043 0.061 0.154 0.944 0.044 0.171 0.031
Copper mg/kg, ww 8 8 10.30 171 15.2 16.9 78.3 64.9 171 14.5 53.1 10.3
[Mercury ng/g,ww 8 8 18.60 270 69.9 30.9 70.9 18.6 26.8 64.7 270 30.2
Methylmercury ng/g,ww 8 8 0.68 45.70 221 17.7 17 537 0.68 457 17.5 22.8
Lead mg/kg, ww 8 8 0.29 6.65 0.285 *M 1.85 M 0.446 *M 6.65 *M 3 M 1M 0.782 *M 0.304 M
Selenium mg/kg, ww 8 8 0.42 8.51 0.65 24 1.04 4.63 8.51 1.76 2.84 0.42
Zinc mg/kg, ww 8 8 20.30 42 20.6 42 25.9 31.8 37.8 22.6 33 20.3
Notes:

If the result is > the reporting limit (RL), then [x] is non-detect at the sample concentration; if the result is < the RL, then [x] is non-detect at the RL.

M Result is estimated:; duplicate precision percent difference associated with QC sample was not within acceptance criteria.
" Result is estimated; duplicate precision percent difference was not within acceptance criteria.

1, ww, Results expressed on a wet weight basis




TABLE 15
SUMMARY OF FISH TISSUE RESULTS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Upstream Site Downstream
Analyte Units” Concentration Concentration Concentration
(+/- SE) (+/- SE)
Mean +/- SE Min Max Mean SE Min Max Mean SE Min Max

Golden Shiner

Cadmium mg/kg ww 0.0063 0.0014 0.0033 0.0114 0.0065 0.0026 0.0030 0.0166 0.0098 0.0005 0.0081 0.0108

Copper mg/kg ww 1.620 0.140 1.248 2.105 1.722 0.381 0.710 2.944 2.135 0.324 1.272 3.146

Mercury ng/g ww 56.1 5.5 40.8 73.0 77.8 5.4 63.7 96.0 97.7 9.5 725 1191

Methylmercury ng/g ww 57.5 8.9 329 82.0 771 5.0 59.7 89.6 94.4 12.9 61.6 124.9

Lead mg/kg ww 0.038 0.016 0.017 0.100 0.131 0.028 0.043 0.196 0.040 0.011 0.021 0.076

Selenium mg/kg ww 0.395 0.016 0.336 0.426 0.911 0.120 0.667 1.288 1.145 0.095 0.916 1.396

Zinc mg/kg ww 38.364 5.040 19.387 48.395 43.229 3.616 37.094 53.591 39.034 1.987 33.566 42.955
Largemouth Bass

Cadmium mg/kg ww 0.0031

Copper mglkg ww 1.418

Mercury ng/g ww 49.7

Methylmercury ng/g ww Not Calculated 49.1 Taxon Not Present Taxon Not Present

Lead mg/kg ww 0.056

Selenium mglkg ww 0.322

Zinc mg/kg ww 42.187
American Eel

Cadmium mg/kg ww 0.0257 0.0059 0.0465 0.0132

Copper mglkg ww 1.548 0.551 3.659 0.572

Mercury ng/g ww 98.7 22.8 187.6 66.7

Methylmercury ng/g ww Taxon Not Present Taxon Not Present 86.9 18.1 156.1 56.2

Lead mg/kg ww 0.039 0.011 0.067 0.019

Selenium mglkg ww 1.984 0.115 2.212 1.663

Zinc mg/kg ww 16.087 1.231 19.797 13.129
Notes:

1, ww, Results are presented on a wet weight basis

NC, Not calculated; taxon was not present in sampling reach.




TABLE 16
SUMMARY OF SMALL MAMMAL TISSUE ANALYSES - ACTIVE PLANT AREA

FWIA STEP IIC INVESTIGATION

DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

Northern Grids Southern Grids
Analyte Units' ini i
Number of Number of Minimum Detected | Maximum Detected UCLygs Number of Number of i e Ul UCLgs
Samples Detections Concentration Concentration Concentration? Samples Detections Detected. Detected' Concentration’
Concentration | Concentration

Metals
Antimony mg/kg dw 15 2 0.171 0.201 NC 7 1 0.060 0.06 NC
Arsenic mg/kg dw 15 11 0.12 5.94 1.741 7 4 0.10 0.28 0.184
Barium mg/kg dw 15 15 2.77 85.2 31.56 7 7 5.08 23.85 18.41
Cadmium mg/kg dw 15 6 0.13 1.62 0.497 7 1 0.02 0.02 NC
Chromium mg/kg dw 15 15 8.38 40.76 26.53 7 7 7.14 83.33 51.31
Cobalt mg/kg dw 15 15 0.14 342 1413 7 7 0.13 0.63 0.421
Copper mg/kg dw 15 15 8.70 30.63 18.52 7 7 8.44 22.46 18.3
Lead mg/kg dw 15 15 0.21 472 14.49 7 7 0.53 4.2 2.699
Mercury mg/kg dw 15 3 0.05 0.12 0.12 7 5 0.06 0.43 0.245
Selenium mg/kg dw 15 15 1.65 259.4 219.2 7 7 1.49 5.9 4.02
Silver mg/kg dw 15 1 0.033 0.03 NC 7 0 ND ND NC
Zinc mg/kg dw 15 15 79.0 2185.0 1083 7 7 84.7 184.8 165.6
Other Parameters
Percent Moisture % 15 15 72.2 89.2 - 7 7 69.2 88.1 -

Notes:

1, dw, Results are presented on a dry weight basis
2, UCLgs, 95 percent upper cor 1, UCLgs, 95 percent upper confidence limit of the mean concentration; calculated in USEPA ProUCL 4.00.02

NC, Not calculated; insufficient detected results to calcuate UCLgs




TABLE 17
SUMMARY OF EARTHWORM TISSUE ANALYSES - ACTIVE PLANT AREA

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

Northern Grids Southern Grids
Analyte Units'
Number of | Number of Minimum Maximurm UCLgs Number of | Number of Minimum Maximum UCLgs
Samples Detections Detected_ Detected. Concentration? Samples Detections Detected. Detected_ Concentration?
Concentration | Concentration Concentration | Concentration

Metals
Antimony mglkg dw 13 4 0.051 0.478 0.293 14 3 0.060 0.57 0.358
Arsenic mglkg dw 13 13 1.29 12.59 8.525 14 14 3.55 9.87 7413
Barium mglkg dw 13 13 2.31 98.7 39.18 14 14 255 40.69 26.58
Cadmium mglkg dw 13 13 2.24 64.71 33.19 14 14 3.94 23.81 12.41
Chromium mglkg dw 13 1 0.98 13.91 5.554 14 10 0.97 10.29 6.243
Cobalt mglkg dw 13 13 1.39 10.49 6.407 14 14 1.63 9.80 6.034
Copper mglkg dw 13 13 5.20 51.23 25.08 14 14 6.21 95.88 62.93
Lead mglkg dw 13 13 1.44 2191 198.8 14 14 3.79 556.5 249.6
Mercury mglkg dw 9 9 0.46 5.68 3.082 1 11 0.69 9.80 5.998
Selenium mgl/kg dw 13 13 448 2091 150.6 14 14 9.65 196.8 96.36
Silver mglkg dw 13 12 0.019 1.68 0.839 14 9 0.014 1.16 0.956
Zinc mglkg dw 13 13 122.9 654.3 4554 14 14 170.5 768.7 455.9
Other Parameters
Percent Moisture % 13 13 50.0 87.0 NC 14 14 79.0 87.0 NC

Notes:

1, dw, Results are presented on a dry weight basis

2, UCLgs, 95 percent L 1, UCLgs, 95 percent upper confidence limit of the mean concentration; calculated in USEPA ProUCL 4.00.02




TABLE 18

SUMMARY OF SOIL ANALYSES - ACTIVE PLANT AREA
FWIA STEP IIC INVESTIGATION

DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

Northern Grids Southern Grids
Analyte Units’ — -
Number of Number of Minimum Detected | Maximum Detected UCLygs Number of Number of i e Ul UCLgs
Samples Detections Concentration Concentration Concentration? Samples Detections Detected. Detected' Concentration’
Concentration | Concentration

Metals
Antimony mg/kg dw 15 15 0.220 0.750 0.423 15 15 0.170 0.51 0.324
Arsenic mg/kg dw 15 15 5.30 13.30 8.926 15 15 4.30 9.80 7.027
Barium mg/kg dw 15 15 55.20 558.0 257.7 15 15 47.30 115.00 82.34
Cadmium mg/kg dw 15 15 0.14 0.80 0.462 15 15 0.13 0.36 0.229
Chromium mg/kg dw 15 15 16.20 25.70 21.29 15 15 12.30 25.80 17.32
Cobalt mg/kg dw 15 15 8.20 16.90 12.81 15 15 6.80 22.80 12.98
Copper mg/kg dw 15 15 19.10 172.00 81.79 15 15 13.00 282.00 147.7
Lead mg/kg dw 15 15 22.20 676.0 272.7 15 15 21.10 563.0 230.5
Mercury mg/kg dw 15 15 0.06 1.40 0.453 15 15 0.08 4.40 1.542
Selenium mg/kg dw 15 15 0.78 179.0 133.6 15 15 0.87 6.2 2.036
Silver mg/kg dw 15 15 0.034 0.16 0.1 15 15 0.036 0.08 0.0603
Zinc mg/kg dw 15 15 64.1 92.1 81.51 15 15 428 227.0 87.93
Notes:

1, dw, Results are presented on a dry weight basis
2, UCLgs, 95 percent upper cor 1, UCLgs, 95 percent upper confidence limit of the mean concentration; calculated in USEPA ProUCL 4.00.02




TABLE 19
SUMMARY OF SOIL ANALYSES - SWMU 35 PERIMETER
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Analyte units | Numberof | Number of th:::en;ti: hlg:)t(::tz: ol Screening Crteri PE-35-50-01 | PE-35-50-02 | PE-35-50-03 | PE-35-50-04 | PE-35-50-05
S LEERED Concentration | Concentration Criteria Source

rMetaIs
Antimony mglkg 5 5 0.16 0.31 0.27 Min USEPA Eco-SSL 031"’ 023" 016" 022 016"
Arsenic mglkg 5 5 450 7.10 13 NYSDEC 375-6 560 ° 710" 520" 6.40° 450"
Barium mglkg 5 5 49.30 286.00 433 NYSDEC 375-7 73.90 89.40 49.30 286.00 87.20
Cadmium mglkg 5 5 0.10 11.80 4 NYSDEC 375-8 11.80 0.26 0.10 0.46 0.14
Chromium mglkg 5 5 16.60 21.70 4 NYSDEC 375-9 16.60 16.70 18.30 21707 17.00
Cobalt mglkg 5 5 8.90 17.10 13 Min USEPA Eco-SSL 10.10 10.30 10.60 17.10 8.90
Copper mglkg 5 5 11.80 40.70 50 NYSDEC 375-9 40.70 * 2290 ° 14,60 * 17.80 11.80 *
Lead mglkg 5 5 17.80 41.20 63.00 NYSDEC 375-10 41.20 21.80 17.80 * 31.50 2280
|Mercury mglkg 5 5 0.03 0.14 0.18 NYSDEC 375-11 0.09 0.09 0.03 0.14 013
Selenium mglkg 5 5 0.34 096 39 NYSDEC 375-12 0.76 053 0.34 0.96 055
Silver mglkg 5 5 0.02 0.15 2 NYSDEC 375-13 0077 0.07 002° 0.15 0.06°
Zinc mglkg 5 5 52.10 72.70 109 NYSDEC 375-14 62.90 61.70 52.60 72.70 52.10
Other Soil Parameters

PercentSolids | % | 5 | 5 73.50 80.70 - | - 75.10 80.70 75.90 7830 73.50
Notes:

If the result is > the reporting limit (RL), then [x] is non-detect at the sample concentration; if the result is < the RL, then [x] is non-detect at the RI
Y Result is estimated due to a minor quality control anomaly

UResult is a non-detect < the detection limit (DL

¥ Estimated result; less than the RL

*"Method blank contamination



TABLE 20
RELATIVE WEIGHT OF SEDIMENT QUALITY LINES OF EVIDENCE
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

SQT Line of Evidence Relevance to Site-Specific Toxicity Relative Weight
High: Community assessment provides an in situ evaluation of sediment toxicity based on
. . . benthic invertebrates that have integrated the effects of stressors and the population
Benthic Invertebrate Community Analysis . . oo . . ++
compensatory mechanisms evolved over time to survive in a highly variable and stressful
environment
Sediment Toxicity Testing:
28-day Chironomus riparius Test Moderate: Sediment toxicity testing represents an ex situ evaluation of sediment toxicity. ++
42-day Hyalella azteca Test
Bulk Sediment Chemistry Comparisons to Screening Low: Sediment screening values are based on the co-occurrence of benthic invertebrates .

Criteria

and sediment contaminant concentrations.




WEIGHT-OF-EVIDENCE FRAMEWORK TO CLASSIFY BENTHIC INVERTEBRATE COMMUNITY IMPACTS - SWMU 1/22 WETLAND COMPLEX

TABLE 21

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Table 20 A: Severity of Effect Classifications

Sediment Toxicity LOE Category
Non Toxic Low Toxicity Moderate Toxicity High Toxicity
Reference Unaffected Unaffected Unaffected Low Effect
é
s
;. Low Disturbance Unaffected Low Effect Low Effect Low Effect
E
£
§
< Moderate Disturbance Moderate Effect Moderate Effect Moderate Effect Moderate Effect
=
[
]
High Disturbance Moderate Effect High Effect High Effect High Effect
Table 20 B: Potential That Effects Are Chemically-Mediated Table 20 C: Multiple Lines of Evidence Station Classifications
Sediment Toxicity LOE Category Severity of Effect Classification
Non Toxic Low Toxicity Moderate Toxicity High Toxicity Unaffected Low Effect Moderate Effect High Effect
2
[*3
Minimal Exposure Minimal Potential Minimal Potential Low Potential Moderate Potential &  [Minimal Potential Unimpacted Likely Unimpacted Likely Unimpacted Inconclusive
w
o
2
2 -
b3 k-3
é Low Exposure Minimal Potential Low Potential Moderate Potential Moderate Potential =  |Low Potential Unimpacted Likely Unimpacted Possibly Impacted Possibly Impacted
5 i
5 =
3 g
S .
._g Moderate Exposure Low Potential Moderate Potential Moderate Potential Moderate Potential g Moderate Potential Likely Unimpacted Possll]tﬂgrl‘rgsgit\:lt:d or Likely Impacted Likely Impacted
s k]
s
High Exposure Moderate Potential Moderate Potential High Potential High Potential § High Potential Inconclusive Likely Impacted Clearly Impacted Clearly Impacted
o
o




TABLE 22
SUMMARY OF SEVERE EFFECT LEVEL QUOTIENTS FOR TARGET METALS - SQT STATIONS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Severe Effect Level Quotients (SEL-Q)
NYSDEC Sediment Criteria
Analyte SWMU 1/22 SQT Stations Reference SQT Stations
LEL' SEL? PE-SQT-01 PE-SQT-02 PE-SQT-03 PE-SQT-04 PE-SQT-05 PE-SQT-06 PE-SQT-07 PE-SQT-08 PE-SQT-09 PE-SQT-10 PE-SQT-11

Metals
Cadmium 0.6 9.0 0.1 0.1 0.0 0.3 0.2 3.0 0.9 0.4 0.3 0.2 0.1
Copper 16 110 6.4 48 114.5 734 16.3 170.9 39.9 209 0.6 0.6 0.3
Lead 31 110 23 54 16.8 32 18.7 43 2.0 12 0.5 0.5 0.3
Mercury 0.15 13 442 6.4 47.0 214 2.7 634 9.4 19.1 0.2 0.2 0.1
Selenium’ 5.00 - 741 14.2 39.6 7.7 34.0 15.6 6.6 89 1.7 22 1.0
Zinc 120 270 0.6 0.6 0.1 47 0.9 7.8 23 15 0.3 0.3 0.3

Mean SEL-Quotient (SEL-Qpean) 10.1 5.2 36.3 18.5 121 442 10.2 7.7 0.7 0.8 0.4
Notes:

1, LEL, lowest effect level; sediment screening criterion for selenium is based on a value from Nagpal et al. (1995) for British Columb

2, SEL, severe effects leve

3, For selenium, the magnitude of exceedances (SEL-Q) was represented as the quotient of the measured concentration to the SQG developed for British Columbia by Nagpal (199:
Shaded cells indicate SEL-Q values greater than 1.(




BENTHIC COMMUNITY METRIC CALCULATIONS - SQT STATIONS

TABLE 23

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

SWMU 1/22 Wetland Complex Reference Wetland
Sentic (‘:j:rr::nzuol:\(t]y Hetrics sQr-01 SQT-02 SQT-03 sQr-04 SQT-05 SQT-06 SQr-07 SQT-08 SQT-09 SQT-10 sQr-11
Al Blcla]lBlcla|lB|lcla[B|lc]la|lB]cla|lBlcla|lB|[cl]la[B|lc]alBB]cla|lB[c|la]ls]|c
Taxa Richness B[ 2w ] 15] 2] 223]: 6 5 7] 4] 0] s 5 5 7 [ 12 ] 4 o [ B[ o[9[ 212229247 0] 18] 2]H1
Non-Chironomidae and Oligochaeta (NCO) Richness 13 1 9 9 9 1 4 5 3 3 0 4 6 4 4 3 4 2 6 6 4 8 9 7 7 6 5 1 3 9 1 7 6
Percent Dominance 220 | 255 | 348 | 417 | 305 | 440 | 913 | 758 | 89.0 | 721 | 79.1 | 488 | 632 | 800 | 640 | 529 | 302 | 50.0 | 832 | 663 | 762 | 284 | 40.0 | 238 | 27.5 | 289 | 351 | 37.9 | 474 | 364 | 349 | 379 | 488
Shannon-Weiner Diversity Index (H) 362 | 349 | 327 | 297 | 334 | 316 | 059 | 135 | 070 | 148 | 083 | 247 | 156 | 103 | 147 | 178 | 286 | 168 | 109 [ 189 | 124 | 297 | 305 | 326 | 288 | 312 | 260 | 287 | 148 | 288 | 294 | 294 | 251
Hilsenhoff Biotic Index 744 | 695 | 736 | 712 | 745 | 701 | 978 | 9.09 | 956 | 872 | 980 | 854 | 651 | 612 | 668 | 676 | 7.73 | 7.34 | 601 | 576 | 575 | 7.01 | 677 | 661 | 7.96 | 808 | 7.76 | 729 | 6.98 | 7.00 | 7.30 | 6.89 | 720
Percent Model Affinity 660 | 636 | 671 | 60.4 | 497 | 50.0 | 287 | 415 | 302 | 456 | 40.0 | 575 | 428 | 300 | 336 | 428 | 507 | 519 | 253 | 348 | 236 | 402 | 531 | 409 | 725 | 639 | 581 | 453 | 353 | 664 | 526 | 60.3 | 613
Ephemeroptera, Plecoptera, and Trichoptera (EPT) Taxa Richnes] 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 2 2 1 0 0 0 0 0 0 0 0 0
Fall 2010 SWMU 1/22 Wetland Complex Reference Wetland
Benthic Commuinty Metrics SQT-01 SQT-02 SQT-03 SQT-04 SQT-05 SQT-06 SQT-07 SQT-08 SQT-09 SQT-10 SQT-11
Alecl Al Bl clalBlcla]lB[cla|B|lclalB]lcla|lBlcla]lB|cla|B|lclalB|lc]la|lB]cC
Taxa Richness 6 s [ 7] 2717 o 0 0 3 8 8 7 2 8 0 1 2 9 8 [ 10 [ 7 3 [ 4 6 2 7 5 8 1 7 1 0
Non-Chironomidae and Oligochaeta (NCO) Richness 6 | 3 9 | 2| m] o] o] o 2 | 2| s 5 | 2| 6 o] 1] o 6 | 6 | 6 7| 3| 3 3| 2| s 5 | 7| 1 7] 1] o
Percent Dominance 286 | 750 | 296 | 778 | 562 | NA | NA | NA | 600 | 348 | 364 | 382 | 500 | 729 | NA | 1000 | 750 | 617 | 632 | 634 | 31.3 | 333 | 400 | 333 | 500 | 143 | 429 | 250 | 1000 | 440 | 1000 | NA
Shannon-Weiner Diversity Index (H) 252 | 104 | 334 | 076 | 243 | NA | NA | NA | 137 | 242 | 228 | 207 | 100 | 133 | NA | 000 | 081 | 1.85 | 198 | 195 | 252 | 158 | 1.92 | 242 | 1.00 | 281 | 243 | 342 | 000 | 198 | 0.00 | NA
Hilsenhoff Biotic Index 700 | 790 | 640 | 578 | 628 | NA | NA | NA | 740 | 748 | 676 | 682 | 7.35 | 647 | NA | 800 | 933 | 550 | 6.06 | 579 | 669 | 567 | 893 | 6.02 | 650 | 720 | 647 | 756 | 6.00 | 617 | 6.00 | NA
Percent Model Affinity 450 | 300 | 660 | 350 | 531 | NA | NA | NA | 400 | 530 | 445 | 464 | 250 | 304 | NA | 200 | 200 | 341 | 461 | 370 | 350 | 350 | 550 | 633 | 300 | 779 | 493 | 550 | 200 | 470 | 200 | NA
Ephemeroptera, Plecoptera, and Trichoptera (EPT) Taxa Richnes] 1 | 0 1] 1| 2 o | o] o o | o] 2 0o | o | 1 o | o] o 2 | 1] 2 1] 0o | o 0o | o | 1 1] 0o | o o | o] o




TABLE 24
SUMMARY OF BENTHIC COMMUNITY METRIC STATISTICAL COMPARISONS - SQT STATIONS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Probability (p) Values for Pairwise Comparisons with Pooled' Reference Samples

SQT Station Taxa Richness NCO Richness Percent Dominant Taxon Shannonlal(\jlzlxnz-rl)Dlversny Hilsenhoff Biotic Index | Percent Model Affinity
June October June October June October June October 1-Jun October June October

PE_SQT_01 0.132 1 0.124 1 0.421 1 0.282 1 1 0.647 0.873 0.997
PE_SQT_02 0.204 0.119 0.612 0.119 1 1 0.842 0.992 1 0.998 0.999 0.998
PE_SQT_03 0.131 NA 0.271 NA 0 NA 0 NA 0 NA 0.009 NA
PE_SQT_04 0.55 0.997 0.019 0.997 0.008 1 0.036 0.999 0 0.733 0.754 1
PE_SQT_05 0.278 1 0.558 1 0.003 1 0.003 1 0.206 0.977 0.02 0.989
PE_SQT_06 0.715 0.956 0.061 0.956 0.952 0.555 0.625 0.679 1 0.034 0.98 0.43
PE_SQT_07 1 0.661 0.855 0.661 0.001 0.995 0.009 1 0 0.795 0.001 0.998
PE_SQT_08 0.138 1 0.999 1 0.87 0.968 0.922 0.999 0.969 0.938 0.44 1
ANOVA p-value 0 -- 0 0.181 0 0.47 - 0.599 0 0.012 0 0.491
Kruskal- Wallis p-value - 0.14 - -- - -- 0.001 -- - -- - --
Transformation Type Log NON NON NON Log NON NON NON Log Log NON NON

Notes:

Shaded cells indicate signficant differences in SWMU 1/22 SQIT stations relative to pooled reference SQT stations that are indicative of benthic invertebrate community impairment.

Statistical analyses were not conducted on Ephemeroptera, Plecoptera, and Trichoptera (EPT) richness due to the low occurrence of these taxa at SQT stations (See Table 23).

1, Significant differences were observed in HBI values for summer reference locations; statistical comparisons to SWMU 1/22 were based on comparisons to data from SQT-10, which had the lowest

(most conservative) values of HBI.
NA, Metrics were not calculated for SQT-03 because no organisms were present in the samples.
--, Statistical procedure not performed.




TABLE 25

BIOLOGICAL ASSESSMENT PROFILE - SQT STATIONS

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

SWMU 1/22 Wetland Complex Reference Wetland
_ June2010 . SQT-01 SQT-02 SQT-03 SQT-04 SQT-05 SQT-06 SQT-07 SQT-08 SQT-09 SQT-10 sQT-11
Biological Assessment Profile
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Taxa Richness 709 [ 117 ] 655 [ 121 0 0 048 [ 048 0 0 098 [0 ] 161 Jooo | 68 [o26] 221 Jors| 146 [ o085 [ 343 [ 1.32
Non-Chironomidae and Oligochaeta (NCO) Richness 794 | 063 | 721 | 039 417 | o032 259 | 131 ]| 460 | 043 | 361 [o032| 503 |043| 636 |026| 536 |035| 614 | 131 | 645 | 078
Hilsenhoff Biotic Index 458 | 025 | 468 | 022 | o087 | 034 | 164 | o066 | 594 | o028 | 454 | 047 | 693 | 014 | 534 |o019]| 345 | o016 | 485 | o017 | 478 | 021
EPT Taxa Richness 100 | 050 | 050 | 050 0 0 0 0 0 0 0 0 1.0 05 283 | 067 0 0 0 0 0 0
Index 515 | 042 | 473 | 053] 126 | o015 | 118 | o057 | 263 [ o011 | 228 [o025| 364 [ o040 | 534 |o022] 275 | o024 ]| 311 | o050 | 367 | 050
SWMU 1/22 Wetland Complex Reference Wetland
o Fall2010 , SQT-01 SQT-02 SQT-03 SQT-04 SQT-05 SQT-06 SQT-07 SQT-08 SQT-09 SQT-10 sQT-11
Biological Assessment Profile
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Taxa Richness 0 0 364 | 1.82 0 0 0 0 0 0 0 0 071 | 041 0 0 0 0 0 0 0 0
Non-Chironomidae and Oligochaeta (NCO) Richness 453 | 075 | 59 | 149 o | o 361 | 056 | 441 | o7t | 033 | 033 ]| 545 | o000 | 438 |o077| 38 | 049 | 388 | 148 | 230 | 183
Hilsenhoff Biotic Index 425 | 061 | 641 | 032 - | - 464 | 038 | 520 | 043] 223 | o090 | 703 | 027 | 484 | 161 | 571 | o057 | 571 | 082 | 653 | 011
EPT Taxa Richness 075 | 061 | 217 | 067 0 117 | 147 | 050 | 050 0 0 283 | 067 | o050 | o050 | 050 | 05 | 050 | 050 0 0
Index 238 | 049 | 454 | 086 0 235 | 053] 253 | 039 ] o045 | 032 ]| 401 [ o031 | 243 [os6| 250 [ o015 252 | 036 | 166 | 090
Notes:

--, Value not calculated for SQT-03 because no organisms were present in the samples.




TABLE 26
DESIGNATION OF RESPONSE CATEGORIES - SQT WEIGHT-OF-EVIDENCE EVALUATION OF SEDIMENT IMPACTS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Benthic Community Analyses

Toxicity Testing
Percent Survival

Sediment Chemistry Relative to Mean Reference Survival
T SEL Quotlants (SEL-Q) Sediment Chemistry Statistical Significance from BAP-Index | Benthic Community , o Toxicity Category
Exposure Category Reference Quotients Disturbance Category Chironomus riparius Hyalella azteca
olzlalo|le|lc|52 «|8|lala|e|2]| g z Day 10 Day 42
cle e T @ | N |2W Flz|*|T|a|a| 3 3 Relative Survival Relative Survival
PE-SQT-01 01| 64|23 (442 71| 0.6 |10.1| Moderate Exposure - =] = =|=1]-= 1.6 11 Reference 82.6% 51.7% Moderate Toxicity
PE-SQT-02 01|48 | 54| 64 [142] 06 | 52 | Moderate Exposure - =] =-=|-=-1]-= 1.5 20 Reference 79.8% 85.0% Non Toxic
PE-SQT-03 0.0 (114.5( 16.8 [ 47.0 ( 39.6 [ 0.1 | 36.3 High Exposure + |+ [+ |+ |+ + 0.4 0.0 High Disturbance 0.0% 0.0% High Toxicity
PE-SQT-04 03 73432 (214| 7.7 | 47 | 185 High Exposure e L O B A T 0.4 1.1 | Moderate Disturbance 107.3% 30.0% Moderate Toxicity
PE-SQT-05 0.2 [16.3|18.7| 2.7 [ 34.0| 0.9 | 121 Moderate Exposure e I I B I B R I 0.8 1.1 | Moderate Disturbance 66.1% 11.7% High Toxicity
PE-SQT-06 3.0 |170.9( 4.3 (634|156 7.8 | 44.2 High Exposure - = =]=]*+] = 0.7 0.2 | Moderate Disturbance 107.3% 38.3% Moderate Toxicity
PE-SQT-07 09 (399]| 20 | 94 | 6.6 | 23 [ 102 Moderate Exposure - | = + + | - | + 11 1.8 Low Disturbance 104.6% 88.3% Non Toxic
PE-SQT-08 04 (209| 1.2 | 191 33 | 1.5 | 7.7 | Moderate Exposure - =] =-=|-=-1]-= 1.7 1.1 Reference 90.8% 91.7% Non Toxic




BENTHIC COMMUNITY IMPACT CLASSIFICATIONS BASED ON SQT WEIGHT-OF-EVIDENCE EVALUATION - SWMU 1/22 WETLAND COMPLEX

TABLE 27

FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Table 26 A: Severity of Effect Classifications

Sediment Toxicity LOE Category

Non Toxic Low Toxicity Moderate Toxicity High Toxicity
o Unaffected Unaffected
eference
SQT-08, SQT-02 SQT-01
2
4
>
g Low Disturbance Unaffected
<
= sqr-07
c
3
£
£
€ e T Moderate Effect Moderate Effect
L oderate Disturbance
£ SQT-04,5QT-06|  SQT-05
A
L High Effect
High Disturbance SQT-03
Table 26 B: Potential That Effects Are Chemically-Mediated Table 26 C: Multiple Lines of Evidence Station Classifications
Sediment Toxicity LOE Category Severity of Effect Classification
Non Toxic Low Toxicity Moderate Toxicity High Toxicity Unaffected Low Effect Moderate Effect High Effect
Minimal Exposure Minimal Potential
=
w
- B Unimpacted
©
% |Low Exposure S |Low Potential SQT-02, SQT-07
s I SQT-08
2 =
€ L
£ Lo Potenta Moderate Potential Moderate Potential 5 Likely Uni ted Likely | ted
= oderate Potentia oderate Potentia < . ikely Unimpacte ikely Impacte
E Moderate Exposure | SQT-02, SQT-07 SQT-01 SQT-05 ‘;’6 Moderate Potential SQT-01 SQT-05
SQT-08 2
E
High E High Potential High Potential S High Potential Clearly Impacted Clearly Impacted
g =xposte SQT-04,8QT-06|  SQT-03 gnrenE SQT-04,5QT-06|  SQT-03




TABLE 28
SUMMARY OF SEMI-AQUATIC WILDLIFE EXPOSURE - SWMU 1/22 WETLAND COMPLEX
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

I-IQNOAEL I HQLOAEL
Common g
Name g . ) g E: §

Maximum Area Use Exposure Scenario

Great blue heron <Al | <1<t | <<t | <1<t [ 10| 1< | <1/<
Belted kingfisher <A<t | <1<t | <tr<t | <1i<t | 31«1 | 23714 | <1/<1
Mallard <1<t | 24113 <1/<1 | <1/<1 | <1/<1 | 25713 | <1/<1
Tree swallow <1/<1 | 57132 <1/<1 | 1.3/<1 | 44715 [105/53| <1/<1
Indiana bat <A1t | <1<t | <1i<t | <1/<1 | 191<1 | 7.6/46 | <1/<1
Mink <A<t | <tr<t | <1<t | <<t | <0<t | 1401 | <1<t
Raccoon /<[ 120 | << | << | << | 3212 | <1/
Area Use Adjusted Exposure Scenario

Great blue heron <Al | <1<t | <<t | <1<t | <1<t | <1<t | <1<
Belted kingfisher <A<t | <1<t | <tr<t | <1i<t | 31«1 | 23714 | <1/<1
Mallard <A1t | <<t | <<t | <tr<t | <1<t | <1<t | <1<
Tree swallow <1/<1 | 57132 | <1/<1 | 13/<1 | 44715 [105/53| <1/<1
Indiana bat <A1t | <1<t | <<t | <tr<t | <1<t | <1<t | <1<
Mink <A<t | <tr<t | <1<t | <<t | <1<t | 1401 | <1<t
Raccoon <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1




TABLE 29
SUMMARY OF TERRESTRIAL WILDLIFE EXPOSURE - NORTHERN PLANT GRIDS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Common
Name

Maximum Area Use Exposure Scenario

American robin
Red-tailed hawk
Short-tailed shrew
Red fox

HQNOAEL/HQLOAEL

> £

S =] 1= § E - @ S §

s | B | £ | 5| 2| 5| &8 | & |58 |z2|£2|;¢:

< | < | & | 8 [ & [ & [ & [ 3 [ = [ J§ | G [ i§ |
NA / NA <1/<1 <1/<1 18/<1 <1/<1 <1/<1 <1/<1 3/ <1/<1 46.8/234 | <1/<1 <1/<1
NA /NA <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 42.4/21.2 <1/<1 15/<1
<1/NA <1/<1 <1/<1 2.8/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 1103.6/62.8] <1/<1 <1/<1

<1/NA

<1/<1

<1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 [345/209]| <1/<1 <1/<1




TABLE 30
SUMMARY OF TERRESTRIAL WILDLIFE EXPOSURE - SOUTHERN PLANT GRIDS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

HQNOAEL I HQLOAEL
C:lmmon = . = -
é_ L © © < o o S D @ = £

Maximum Area Use Exposure Scenario

American robin NA/NA [ <1/<1 | <1/<1 | <1/<1 | <1/<1 | <1/<1 | <1/<1 | 37/<1 | <1/<1 [145/72| <1/<1 | <1/<1
Red-tailed hawk NA/NA | <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1
Short-tailed shrew <T/NA | <1/<1 | <1/<1 1/<1 <A/<1 | <1/<1 | <1/<1 | 14/<1 | <1/<1 |64.6/39.2] <1/<1 [ <1/<1
Red fox <1/NA | <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1




TABLE 31
SUMMARY OF TERRESTRIAL WILDLIFE EXPOSURE - NORTHERN AND SOUTHERN PLANT GRIDS
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE

PORT EWEN, NEW YORK

Maximum Area Use Exposure Scenario
I.IQNOAEL I I.IQLOAEL
Common =
>
£ s 2 = S = g T 8 5 s 5
9 Ty — f =

[ © © = [=] o @ D [7) = =
Maximum Area Use Exposure Scenario
Red-tailed hawk NA/NA | <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 16/8 <1/<1 111<1
Red fox <1/NA | <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 | 127177 | <1/« <1/<1
Area Use Adjusted Exposure Scenario
Red-tailed hawk NA/NA | <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 | 29/14 | <1/<1 <1/<1
Red fox <1/NA <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 <1/<1 73145 <1/<1 <1/<1
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FIGURE 1
SITE LOCATION MAP
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Map Source:
USGS topographic maps: Kingston West (2000), Kingston East (1980),
Rosendale (1980), Hyde Park (2000)

Boundaries: Site and property boundaries approximations were
determined using available data from historical maps and CAD files.

Fort Washington, PA




FIGURE 2
ECOLOGICAL CONCEPTUAL SITE MODEL
FWIA STEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
PORT EWEN, NEW YORK

Potential Exposure

Areas of Concern Migration Pathways and Exposure Media Potential Ecological Receptors
Routes
Terrestrial Wetland
Active Plant Area SWMU 1/22 Wetland Complex
Tq P
-z £ S E § 3
R 2| = =2 = el = - L Z = z
E2 | 5| £ H g H £ g : | L s |3 &l ¢
=] =R =} - 2 s 2z « g oo g 2 2z |2 >3 =
=2 | mg | S g ! 5 g S SE| 3 2 s2|E | 2B
2|28 | =838 s g = 22| 2 s .5 | 23 | S 8 2=2
33 3.2 o« % w = ~ 9 ) ZIRS) 5 2 ; 3B 5 2 |E gl L e
= 3 & 25 38 38 > s = 23 3 S 22 S = 3 % |8 2l 8%
Terrestrial £ 5 52 2= g = s a 23 Z .S g4 = 2o |2 E| 28
Bioaccumulation Biota E 4 Z < g ?x-" g ?é go E E S E ;j = § é E E i g <v Q § &
y S = | 5 |2 |2 ¢ = g2 8 ] 5 |5 |2 |z of 5 0
(b, E s S| B | Ed| B 2| 2 |ES S| B 2| Eh(ERd B
mamma’s Se | ELejoe oL 43} m &3 L | <L |AL | B2 | <L |vwml| AL
PP, Direct Contact/Absorption
ctive Plant Area i n
SWMUs Dlrlect Ingestion i (] (] () [ )
— Surficial Soil Incidental Ingestion [d (4 (4 Q
Surface migration
Leaching k2
Runoff Groundwater
:
! Discharge
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FIGURE 3
ALITY TRIAD, SURFACE WATER, AND FISH SAMPLING LOCATIONS — SWMU 1/22 WETLAND COMPLEX
FWIASTEP IIC INVESTIGATION
DYNO NOBEL PORT EWEN SITE
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Map Source:
Fresh water wetlands: New York State Department of Environmental Conservation

Surface water: National Hydrography Dataset

Countours: United States Department of Agriculture/Natural Resource Conservation Service

- National Cartography and Geospatial Center digital elevation models

Boundaries: Site and property boundaries approximations were determined using available data
from historical maps and CAD files.
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Map Source:
Fresh water wetlands: New York State Department of Environmental Conservation

Surface water: National Hydrography Dataset

Countours: United States Department of Agriculture/Natural Resource Conservation Service

- National Cartography and Geospatial Center digital elevation models

Boundaries: Site and property boundaries approximations were determined using available data
from historical maps and CAD files.
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